i

P i o = = -

CROKNSWC, HD-0636-06 User’s Manual for the Ship Motions Prediction Applications Manager - PREDICT

Carderock Division ' (@

Naval Surface Warfare Center
Bethesda, MD 20084-5000

AD-A277 086
MG A
CRDKNSWC/HD-0936-06 Feb 1994 ~

Ship Hydromechanics Department
Departmental Report

USER’S MANUAL FOR THE
SHIP MOTIONS PREDICTION
APPLICATIONS MANAGER - PREDICT

by
T. C. Smith
C. Bennett

R

w:’

m.?
‘7’ = b:-;

"“\
g
&
¥

94-09087
WL

Approved for pullic release, distribution unhmited.




CODE o011
12
14
15
16
17
18
19
27
28

MAJOR DTRC TECHNICAL COMPONENTS

DIRECTOR OF TECHNOLOGY. PLANS AND ASSESSMENT
SHIP SYSTEMS INTEGRATION DEPARTMENT

SHIP ELECTROMAGNETIC SIGNATURES DEPARTMENT
SHIP HYDROMECHANICS DEPARTMENT

|
| \‘\
I Mh 9 Ew Iy Y

AVIATION DEPARTMENT

SHIP STRUCTURES AND PROTECTION DEPARTMENT
COMPUTATION. MATHEMATICS & LOGISTICS DEPARTMENT
SHIP ACOUSTICS DEPARTNMENT

PROPULSION AND AUXILIARY SYSTEMS DEPARTMENT
SHIP MATERIALS ENGINEERING DEPARTMENT

1. UTRC reports, a formal seriez, contain informa 2n of permanent technical value.
They carry a consecutive numerical ioentification regardiess of their classification or the
originating department.

2. Departmental reports, a semiformal series, contain information of a preliminary,

temporary,

deparimontal alphanumerical identification.

3. Technical memoranda, sn informal series, contain technical documentation of
hmited use and interest. They are primarily working papers intended tor internal use. They
carry an identifying number which indicates therr type and the numerical code of the
originating department. Any distribution cutside DYRC must be approved by the head o!
the onginating department on a case-by-case basis.

DTRC ISSUES THREE TYPES OF REPORTS:

or propnetary nature or of limited interest or significance. They carry a




(|

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGF
Form Approved
REPORT DOCUMENTATION PAGE OMB NG 0704-0186
1a. REPORT SECURITY CLASSIFICATION 1b RESTRICTIVE MARKINGS
UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT
Approved for public release; distribution
2b. DECLASSIFICATION/ DOWNGRADING SCHEDULE
unlimited,
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)
CRDKNSWC/HD-0936-06
6a_ NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 73 NAME OF MONITORING ORGANIZATION
Carderock Division (If applicable)
Naval Surface Warfare Center
Shin Hydranechanirs Dent Code 561 —
6c. ADDRESS (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code)
Bethesda, Maryland 20084-5000
ba NAME OF FUNDING /SPONSORING 8b OFFIC{ SYMBOL | 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (1f applicable)
Naval Undersea Warfare Center]| Code 3322
8¢ ADDRESS (City, State, and 2IP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
LEMENT : ION
New London, CT ELEMENT NO NO NO ACCESSION NO
63553N S1704 DN1502204

1N TITLE (Include Security Classification)

USER'S MANUAL FOR THE SHIP MOTIONS PREDICTLION APPLICATIONS MANAGER - PREDICT

12 PERSONAL AUTHORIS)
T.C. Smith, C. Bennett

13s TvPE OF REPORT 13p TIME COVERED 14 DATE OFf REPORY (Year, Month, Day) 1S PAGE COUNT

Final FROM __05/93 t0_10/93 1994 Feb 255

16 SUPPLEMENTARY NOTATION

17 COsan CODES 1B SUBLECT TERMS (Continye On reverse if necessary and identity by block numbper)

| __FlEiD GROVUP SUB-GROUP Standard Ship Motions Program (SMP), Seakeeping

Time History

Apalicetiaor Mapacer

19 ABSTRACT ((ONntinue on reverse if necesssry and r0eNtity Dy DIOCA NEMDEr)

This report documents the use of a ship motions prediction applications manager
(PREDICT) for use on a personal computer. PREDICT can generate both frequency and
time domain output from a single ship input file. Hardcopy time history plots are
also available. This report provides explanations of menu choices and examples of
typical usage. The predictior programs used by PREDICT, the Standard Ship Motion
Program (SMP), Simulation Time Mirctorv Pregram (STH), and Accese Time Mistory Program
(ACTH), are fully documented 1in the piven references. This report also documents the
personal computer versior of the Standard Ship Motion Program (SMP93~PC).

20 MSTRIBUTION / AVALABILITY OF ABSTHRACL® 12' ABSTRACT SECURITY CLASS'F.CATION
Wunciasseiep unamTen O same as aee RISSEGAT UNCLASSTFIED .
224 MARAE NE 0 WOVNNIELE 1O ek, 220 TELEPHONE (Include Ares Coue) | 22¢ OFRTE SYMBOUL
Timothy C. Smith 30]-227-0117 Lode 961
DD form 1473, JUN 86 Previous editions are obsolete i (U TY CLASSIFICATION OF THS BACT
S/N 010G2-LF-014-66073 UNCLASSIFIED




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

DDform 1473, JUN 86 iReverse;

CECURITY CLASS TilAT

ey
O

£ THIS PAGE

UNCLASSIFIED

N e W




|
|
I
|
i
!
!
i
:
i
i
I
|
1
!
i
]

CONTENTS

SMP Systeni Specifications
Change SMP data path
Change ship

View SMP runlog

View SMP output files
View ship hydrostatics
Hull plot

Edit SMP input

Run SMP

Polar p]OtS

| DRI

STH System Specifications

Change STH data path

Change ship

View STH Run Summary

Edit STH input

Run STH

View ACTH Run Sumimar:

Edit ACTH input ,
Run ACTH (Mot /veirace at a noiint)
View ACTH ERROR.TEN file

Data Analysis and Plote . . . .
Convert ACTH data format {bin

'L PREDICT RUN

-~ =) & v O =

Helliie Ve B o]




e e s S AR S S i

EXAMPLE PROBLEM STATEMENT

PRE-RUNSETUP . ... ...
_RUNNINGSMP .. ......

Setting current ship . . . .
Checking input . . . . . ..
SMPEDIT .........
Running SMP33-PC . . . .

RUNNINGSTH. . .. ... ..

STHEDIT .........
Runping STH . . ... ..

RUNNING ACTH .. ... ..

ACTHEDIT ... ... ..
Ruuning ACTH . ... ..

DATA ANALYSIS AND PLOTS
CONCLUDING REMARKS . . ..
ACKNOWLEDGMENTS . .. ..

EXTRA FREQUENCY RANGE

ORG STOF AND START OPTION

SPLITTING SPL FILE . . . . .

SYSTEM REQUIREMENTS .
PREDICT DIRECTORIES . .
SMPAM DIRECTORIES . . . .
STHAM DIRECTORILS . . . .
PLOTTING DIRECTORIES .

—_ L 1D =

Printers . . . . . . . . ...

PREDICT apphcations manager organizational structuic.
SNMP applications manager HELP menu

First screen of SMP hvdrostatics data.

HULLPLOT submenu choices.

.....................

.........................

.........................

.........................

APPENDIX A: STANDARD SHIP MOTION PROGRAM - PC

APPENDIX B: PREDICT OVERVIEW

APPENDIX C: STHAM SHIP DEPENDENT INPUT I'ILE
APPENDIX D: SMP93-PC SOURCL CCODE LISTING
REFERENCES . . . . . ..

FIGURES

(&)

L Ot no Oy Lt n
O W on -1 =] ~1 O

ot
o

60

Page
3

10
11




n o A D P D ME By B e S

(

~ o o

© o

to 1D 12 o o o o
o

Lo W
—_ 0O

W W W
e 2 LY

'.STH applicatior s manager HEL:" menu.

2

[S1 I

o -1

©

STH system specifications menu. . . . . .. . ... ... ...
COMPSYS.TEX xamplefile. . . . ... . ... .. ... ...
PREDICT mainmenu. . . . . .« oo vt it v i it o ee e e e
SMP application manager mainmenu. . . . . . ... . ... ...,
SMP systems specifications menu. . . . ... . ... ... L.
Modifty SMF systems specifications menu before changes. . . . . . . . ..
Modify SMP systems specifications menu after changes. . . . . . ... . .
View/Edit SMPinput file. . . . . .. . ... L
Edit SMP93-PC input file main menv. . . . . . ... .. 0L
Hull particulars menu. . . . . . . ... ... .o oL
Sea state and roll iteration menu.

......................

SMPEDIT output storage options menu.
Files to save after running SMP menu.

STH application manager main menu.

Edit STH Ship/Sea conditions menu before changes.
Edit STH Ship/Sea conditions menu after changes

o\_). ...........

STH ship/sea conditions and run number selection screen
Edit STH input file menu.

STH input filc before deleting supetfluous conditions,

STH input file after deleting superfluous conditions. . . . . . . . . . . ..
Edit ACTH input menu. . . . . . ... ... . ... .. .. ..
ACTH program point selection menu. . . . . .

ACTH program point seiection - madify existinz point submenu.
ACTH program point selection - entering new point submenu . . . ..
ACTH program channcl selection menu. . . . . 00000
ACTH program modify existing channel menu. . . . . . ... 0.
Modify existing channei submienu - ACTH channel selection menu.

Modify existing channel submenu - ACTIH srogren point selection menu.

. Modify existing channei subinena - ACTH program motion at a print mode

menu.

. Modify existing channe! submenn - ACTH program response selection inenu.

ACTH programn STII run seicction nienu.
CLTMAIN main menu.
Datalog plot menu. . . . . . . ..o
Get new ACTH run menu.
Datalog plot - edit channels submenu.

Datalog plot - time subscreen. . . .0 . 0L

48

49

49

ol

31

52
S5

93




42. Set Yscalesmenu. .. . .. . ... e e 53
43. Example time history plot of data. . . . .. ... ... ... ... .. .. 51
44. SMP applications manager directory structure. . . . . . .. . . ... ... 63

-45. STH applications manager directory structure.
46. Ship dependent input file format for time history applications manager. . 68

TABLES

Page
1. PREDICT directories to create and their function. . . . . . . ... . . .. 4
2. SMP Applications Manager main menu options and description . . . . .. 6
3. List and description of SMP system specifications menu. . . . . ... . .. S
4. View SMP output files sub-menu choices and descriptions. . . . . .. ... 10
5. HULLPLOT plot features menu listing and description. . . . . ... ... 12
6. Description of possibie SMP output files. . . . . .. .. ... 14
7. Polar plot main menuoptions. . . . . . .. ... 15
8. Density plot main menuoptions. . . . . . Lo 15
9. STH Applications Manager main ruenn selections and description. . . . . . 18
10. STH system specifications histing and description. . . . . . . . . ... . .. 19
11. ACTHEPIT main mienu options and description. 22

12. Possible response selections
13. Datalog data analvsis and plotting menu options. . . . . . .. . ... ... 25
14. COMPSYS.TEX lines used by PREDICT. . . . . . ... ... . ... .. .. 26
15. Datalog plotting submenu options. .. .. 0000000 oL 27
16. Default paths for system specifications. © 000000000 .. ... 60
7. SNP Applications Manager serateh and data files. © 00 0.0 ... ... 61
18. STH scratch and data files. © 00 000000 62

19. STH file names and desenptions. o0 0 00000000000 65

f—_‘—‘——'_‘_-_'_,._————-‘
_iccesston For
T NTTs  SRA&T

DT e :
IR a .
[ TRE N T S LR

........................... S |




ABSTRACT

This report documents the use of a ship motions prediction applica-
tions manager (PREDICT) for use on a personal computer. PREDICT
can generate both frequency and time domain output from a single ship
input file. Hardcopy time history plots are also available. This report
provides explanations ¢f menu choices and examples of typical usage. The
prediction programs used by PREDICT, the Standard Ship Motion Pro-
gram (SMP), Simulation Time History Program (STH) and Access Time
History Program (ACTH). are fully documented in the given references.
This report also documents the personal computer version of the Standard
Siiip Motion Program (SMP93-PC).

ADMINISTRATIVE INFORMATION

This investigation was sponsored by the Naval Undersea Warfare Center, New Lon-
don Laboratory. under Program Element 63553. The work was performed at the Naval
Surface Warfare Center, Carderock Division, during FY1993 under work unit number

1-1541-802. The DN number ts DN502204.

INTRODUCTION

The report describes a personal computer-based ship motion prediction applica-
tions manager. PREDICT. which provides both frequency and time domain predic-
tions. PREDICT uses two sub-application managers to run the Standard Ship Motion
Program(SMP93-PC)" %, the Simulation Time History Program(STH)3, and the Ac-
cess Time History Program(ACTH)' that make motion predictions. PREDICT also
nrovides utilities to create and edit anput files, and to view and plot output files.

The Standard Ship Motion Program (SMP) 1s a frequency domain motion prediction
program. It calculates transiational and angular ship responses in irregular seas for a
range of ship headings. stup speeds. and modal wave periods at specific wave heights.
The Staridard Ship Notion Programi uses Salvesen, Tuck, and Faltinsen strip theory?
without end effect terms  Heave. pitch. and surge are linear with respect to wave

height. Roll, swav., and vaw are noun-hnear with respect to wave height and use an

iterative caiculation procedure with roll angle-dependent viscous damping. In this




report-, references to a specific SMP version will have the year attached, e.g. SMP84,
whereas references to aspects common to all versions will be just SMP.

Both STH and ACTH are time domain motion prediction programs. The Simulation
Time History program uses the SMP origin transfer function file to calculate ship time
histories at the origin. The Access Time History program uses the origin time histories
to generate time histories for any point on the ship. The time domain preserves the
phase relation between motions which is lost in the frequency domain. As time goes to
infinity, the time domain statistical values approach the frequency domain results.

Rather than repeating documentation for SMP, STH, and ACTH, this report deals
exclusively with the PREDICT application managers, their menu choices, and organi-
zation. References 1, 2, and 3 deal with the theory behind SMP, STH, and ACTH. An
example run is provided to show the typical path from SMP input file to ACTH time
history output files.

Appendix A documients the main changes to SMP84 for the personal computer
version of the Standard Ship Motion Program (SMP93-PC). Appendix B provides an
overview of the appiications managers in terms of directory structure and fle location
and function. Appendix C describes the ship specific input file for STH applications
manager (STHAM). Appendix D is a listing of the source code for SMP93-PC.

This manual uses various typefaces to highlight important points and the relation-
ships between sections. The typewriter font simulates a personal computer font and
indicates DOS file and directory names, as weli as, what the user sees on the screen,
e.g. BB62G8 .HPL. The bold face indicates manual section names, e.g. INTRODUC-
TION. The stalic face indicates an important concept and, in file names, designates a

wild card or variable. Main programi names are in capital letters, e.g. SMPEDIT.

PREDICT OVERVIEW

PREDICT has three main branches: frequency domam, time domain. and data
plotting. PREDICT uses SMPU3-PC 1o make frequency domain predictions. Taking
the frequency domain ship response transfer functions, the user with PREDICT runs
STH and ACTH te make time domain ship motion predictions. Figure 1 shows the

organizational structure and which programs are associated with which branch.
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PREDICT uses three sub-applications managers to run the three branches. The
frequency domain sub-applications 1aanager is SMPAM and it runs SMPMAIN.EXE
which handles the menus described in SMP APPLICATIONS MANAGER, page 5.
The time domain sub-applications manager is STHAM and it runs STHMAIN.EXE.
STH APPLICATIONS MANAGER, page 16. describes the menu choices asso-
ciated with STHAM. CLTAM is the plotting sub-applications manager and it runs
CLTMAIN.EXE and DLPLOT.EXE. Data Analysis and Plots, page 25, deals with
the menu choices for CLTAM.

Before running PREDICT, the user should set up a directory structure sim‘lar to the
one described in Appendix B. The user needs to create executable and input directories
and subdirectories, as well as install the commercial software required. PREDICT
creates the output subdirectories as 1t needs them. The directorics to create are in
Table 1. The user created directories can be named any legal DOS name, though the
exampies 1 this manual use the default names. They can be on any accessible disk
drive. The important item 1s that the executable directories have the right files in them:

otherwise, PREDICT will not be able to find the programs to run.

Table 1. PREDICT directories to create and their function.

Option Name i Name | Description

SMP rogram path L S\MP SMPAM executables and he'p subdirectory.
- SMP input path SMPINPUT | SMP input files.

SAIP output path SMPOUTPT | SMP ASCII output files.
E SMP data path SMPDATA SMP binary output files used by STHAM.
% STH program path - STH STHADM executables and help subdirectory. :
| STH data patn STHDATA STH output subdirectories and files. ‘
! COLLECT data path DATA ACTH output subdirectories and files.
E COLLECT progiam pathi | COLOCT91 | CLTAM executables.

Each of the sub-apphications managers has a data file which contains the directory
paths for the different input and output. These files are: SMPSYS. TEX. STHSYS. TEX,
and CLTSYS.TEX. The options for these files are explammed under the SMP and STH

descriptions. Though files can be changed from within PREDICT, mis-defining the run

[




paths will cause PREDICT not to run. Appendix B describes in more detail the file

direvtory structure and file locations.

The only input reeded to start is an acceptable SMP93-PC input file. It should be
located in a subdirectory of the SMP input directory. This subdirectory is referred to
as a Ship Type when selecting input files, because typically ships of a given type are
grouped together.

The input filc name comprises a root, variant, cycle number, and an extension of INP.
For example, DD965H6.INP is a representative input file of the DD963 class destrover.
The root is the main file designation and is typically the ship class and number, in this
case, DD965. It has a maximum of five characters. The variant is a single letter that
serves to distinguish major changes to a ship input file, e.g. different draft or ioading
conditions. The cyele number indicates the number of runs made with a particular
input file. The example, DD965H6.INP has DD965 as a root, H as a variant, 6 as the
cycle number, and an extension of INP.

PREDICT names and creates all the output subd-rectories automatically. Output
file and directory names are based on the SMP input file name. SMP output files are
split between output and data directories. In the output directory. there are Ship Type
subdirectories and files have the root. variant and cycle of the input file. In the data
directovy. tae files keep just the root and variant and are put in subdirectories named
after the input file root. The STH output files are put in subdirectories that have
SO added to the root and variant. c.g. SCDD9S5H. The ACTH output files are put in
subdirectories that have SP added to the root and variant, e.g. SPDD965H.

The example, page 28. details the process for generating frequency domain predic-
tions. then time domain predictions, and finally plotting the data. It uses the default

directory structure and assumes knowledge of it.

SMP APPLICATIONS MANAGER

The SMP Applications Manager (SMPAM) provides utihities that make running
SMP and generating origin transfer function files easier. These utilities allow the selec-

tion of a ship input file. editing o1 viewing the input file, prelimnary checking of the
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input file via a hydrostatics check and offset plots, running SMP, and viewing output

files. There is also oniine help on the use of SMPAM.

- SMPAM MAIN MENU OPTIONS

This section describes the main menu options of the SMP Appiications Manager

(SMPAM). Details of SMP input format and theory is in References 1 and 2. See

Table 2 for a listing and brief description of the main menu selections.

Table 2 SMP Applications Manager main menu options and description

.

'

‘ 8

- n ‘ -‘

Number Selection Description

1 HELP Online help for SMP Applications Managcrj
See Figure 2 for HELP options.

2 SMP System Specification | Sets default paths and directories for locat-
ing data for SMP runs.

3 Change SMP data path Changes SMP input path without exercising
selection 2.

4 Change ship Changes ship directory, variant, and cycle
without exercising selection 2.

5 View SMP runlog file Pages through SMY runlog file,
SMPLOG . TEX. :

6 View SMP output file Uses Norton™ Editor® to view SMP output
files.

7 View ship hydrostatics Pages through hydrostatic calculations. It is

i necessary to run SMP first.

8 Hull plot Plots the offsets or waterplane of the current
ship. It is necessary to run SMP first.

9 View/Edit SNeI* inpun Pages through input file or edits SMP input
files using SMPEDIT.

10 Run SMP | Runs SMP and saves selected output.

11 Polar Plots ' (Generates polar and density plots.

12 Quit Ends program;
returns control to PREDICT.

e
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HELP

HELP describes the various SMPAM main mena options. The HELP submenu, see

Figure 2, is almost exactly like the SMPAM main menu it describes. This feature is

similar to this manual, though it touches on slightly different aspects, e.g. running SMP

in background, and lacks the overview of this manual.

r

SMP HELP MENU

HELP TOPICS

Overview

1. 7. View Ship hydrostatics
2. SMP systen specification 8. Hull plot
3. Change SMP data path 8. Edit SMP input
i 4. Change ship 10. Run SMP
5. View SMP Runlog file 11. Polar plots
6. View SMP Input/Output files 12. Exit HELP menu

Enter HELP topic number ? 12

Fig. 2. SMP applications manager HELP menu.

SMP System Specifications

The system specifications option can create, view, or modify the paths and di-
rectory specifications for SMP input and output. These specifications are in the file,
SMPSYS . TEX. and could be created. viewed, or modified outside PREDICT.

This option has two submenus. The first specifies the action to take on the sys-
tem specifications; cither create, view, o1 modify, Choosing Exit at this point returns
PREDICT to the SMPAN mian menu Choosing Create steps through all the specifi-
cations one at a time. asking the user to enter the appropriate path or directory. When
complete. the data are wnitten to SMP\SMPSYS . TEX.

Cheosing to View the system specifications simply writes them to the screen and

does not change them.

Choosing to Modify the svstem specifications allows the user to change just the




specifications desired. The most typical changes, the SMP data path and ship variables,
have their own options on the SMPAM main menu to make their use easier (Table 2).

See Table 3 for a listing of the system specification options and a brief description.

Table 3. List and description of “MP system specifications menu.

| Number Selection Description
1 Help On-line help to explain menu options.
2 Halo™ program path Location of Halo™ program files.
3 Halo™ graphics screen driver | Screen driver identifier.
4 Halo™ printer driver Printer driver identifier.
b) SMP program path Location of SMP'AM executables.
6 SMP input path Location of SMP input files.
7 SMP output path Directory of SMP ASCII output.
8 SMP data path Directory of SMP binary output.
9 Ship type Subdirectory of SMP input directory.
10 Current ship Root of ship name.
11 Variant Denotes changes in hull geometry (A-Z).
12 Cycle Number of SMP runs made with this variant.
13 Title Default value is first line from current SMP
input file.
14 Option SMP run option.
15 Exit this menu Returns to first system specification menu.

Appendix B explains the directory tree structure and file naming conventions used
by PREDICT, SMPAM. and STHANM. It is best to read this appendix and understand
the system specifications before making any changes to them.

The specification option. Ship Type. assumes that ships of a single type are put in
the same directory. While this makes sense, it is not mandatory. It is also possible to
specify a ship which does not exist, in which case very few options will work, though

PREDICT will not stop running.

Changing the Title or Option here does not change the SMP input file.

0 2]




Change SMP data path

The user can change the SMP binary output data location directly using this option,
avoiding the menus associated with SMPAM main menu option 2.

The program displays the current path and asks the user it a change is desired. If
so, the user enters the complete new path, starting at the root directory. If the path
is correct as stated, the user enters ¥, indicating no further changes, and the program

returns to the SMPAM main menu.

Change ship

Here, the aser can choose from a list of available SMP input files, rather than having
to remember them once running under PREDICT. The first step is to select the proper
subdirectory from the directory specified in the SMP data path. The user enters the
number of the desired subdirectory. Entering an A will accept the current highlighted
choice.

The second step is to select the ship input file from that subdirectory. Again the
user enters the number of the desired file or an A to accept the current choice. Only files
with an INP extension are listed. An incorrect choice will result in an error warning

and anolher chance to answer correctly.

View SMP runlog

This option pages through the SMP runlog file on the terminal screen. The SMP
runlog file keeps track of the runs made with different variants, and displays the variant,
cycle, title and comment from SMP93-PC input file. The run log file has the name Root
Variant.TLT in directory SMPOUTPT\ Ship Type. e.g. SMPOUTPT\DESTROYR\DD965H . TLT.

View SMP output files

Under this option, it is only possible to view the files, not make or save any changes.
The two selections on the submenu are shown in Table 4. PREDICT uses Norton™
Editor to view the output file. Once in Norton™ Editor, the standard Editor commands

are valid though it is still not possible to save changes.
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Table 4. View SMP output files sub-menu choices and descriptions.

Number Selection L Description

1 View SMP output " [ Uses BAT file to open Norton™ Editor, no
™

file using Norton
Editor
2 Exit Returns to SMPAM main menu.

changes are saved.

View ship hydrostatics

This option pages through SMP hydrostatic data on the screen. See Figure 3. for an
example of the first screen of data. The hydrostatic data include length, beam, draft,
displacement, vertical and/or longitudinal centers of gravity, buovancy, and flotation,
various coefficients, and appendage data. It is necessary to have already run SMP for
the current ship to use this option without an error message. The hydrostatic data file

is HSTAT . TEX in directory SMPOUTPT\ Ship Type, e.g. SMPOUTPT\DESTROYR\HSTAT . TEX.

TABLE OF SHIP PARTICULARS

SHIP CHARACTERISTICS -~

SHIP LENGTH (LPP) $29.00 FEET LENGTH/BEAM

BEAM AT MIDSHIPS 54.90 FEET BEAM/DRAFT

DRAFT AT MIDSHIPS 20.233 FEET DRAFT/BEAM
DISPLACEMENT (5.W.) 8282.1 L. TONS DISPL/(.0O1LPP)#*#3 S
DESIGN SHIP SPEED 20.00 KNOTS FROUDE NUMBER

. 636
.700
.370
.946
.259

ouVoNvw

VERTICAL LOCATIONS -

C. OF GRAVITY (VCG)»* 2.84 FEET VCG/BEAM
C. OF GRAVITY (KG)w:* 2).17 FEET KG/BEAM
METACENTRIC HT. (GM) 3J.17 FEET GM/BEAM
METACENTER (KM) s+ 26.34 FEET KM /BEAM
C. OF BUOYANKTY (KB)ee 12.19 FEET KB/BEAM

. 052
422
.058
.480
222

[+ B oNeRoN )

PAUSE. Type ¢ to quit. Press any other key to continue.

Fig. 3. First screen of SMP hydrostatics data.

DD965 SPIP STABILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88 l
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Hull plot

HULLPLOT plots the offsets of the current ship using Halo™ Professional graphics
package®. Displays of both body plan and waterplane plots are possible, as well as hard
copies. The user can, to some extent, customize the appearance of the plots using the
HULLPLOT submenu. It is necessary to first run SMP and save the *.HPL file for the
current ship tc use this option. The HPL file is in directory SMPDATA, subdirectory Root,
e.g. SMPDATA\DD965\DD965H6 . HPL.

When running HULLPLOT, the user is queried as to whether the computer/printer
is monochrome or cclor. Answering this question draws the body plan with default
setting on the screen. The default settings result in a solid line plot of the spline fit
without ihe original offset points shown, and the plot scale equal the maximum draft.

Eniering H produces a hard copy: a carriage return brings up the HULLPLOT

submenu, see Figure 4. The selections for this menu are in Table 5.

HULL PLOT PROGRAM

Current Ship = DD965

List of Options

1. HELP 7. Points

2. Change plot scale 8. Enter conment

J. Circle original offsets 9. Spline fit

4. Dont circle original offsets 10. Original data

5. Plot hull, y,z 11. Waterline, y,X

6. Lines 12. Change color mode
13. QUIT

Enter option ?

Fig. 4. HULLPLOT submenu choices.

Plot settings are turned on by choosing that selection and remain in effect until coun-
teracted by another option. Settings that are not mutually exclusive can be combined

to produce the desired look.
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Table 5. HULLPLOT plot features menu listing and description.

.| Number -Selection Description

1 |HELP Help feature that explains the HULLPLOT
program.

2 Change plot scale Changes plot size. Value specified is plot
height; the width is autoscaled to avoid scaling
distortion.

3 Circle original offsets Draws circles around original offsets.

4 Don'’t circle original offsets | Removes circles around original offsets.

5 Plot hull, v,z Plots body plan using current settings.

6 Lines Uses solid lines for drawing.

7 Points Uses dotted lines for drawing.

8 Enter comment Allows additional comments to be added to
hard copy plots. Plots already use input file
title as plot title.

9 Spline fit Plots spline fit of original offsets.

10 Original data Plots lines through original offsets. Using
Points (7) with this option results in just the
oflset data with no lines.

11 Waterline. v.x Plots ship waterplane.

12 Change color mcde Changes display to and from monochrome to

| color.
i 13 QUIT Returns to SMPAM main menu.

Edit SMP input

SMPEDIT is a guided editor for SNP input files. SMPEDIT allows users who are

not overly familiar with the iput file format to make changes wiiie reducing the risk

of entering an error. The mam menu s virtually a listing of the Data Card Set names

from Reference 1.

The process of making changes is fairly straightforward and demonstrated fully in

the example, page 25. The user seiects a Data Card Set to modify. The next submenu

is either a listing of the Data Card Set variables to choose from, or a submenu asking

what action is to be taken. i.c.. deleting. creating. or modifying

12
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In the first case, the user simply selects the variable to change and enters the new
value. When through, the user selects EXIT and returns to the SMPEDIT main menu.

In the second case, the user enters what action to take, typically deleting, creating,
modifying, or exiting. This second type of submenu occurs with hull geometry, ap-
pendage, point location, and sea state options. A series of questions follow that guide
the user to make the desired changes by displaying the current values and prompting the
user for new ones. When through, the user selects EXIT and returns to the SMPEDIT
main menu.

Option 15, Edit Annotation, is not an official Data Card Set from Reference 1
or 2. It is additional identifying information added to the SMP93-PC input file and
echoed in the SMP runlog. It does not appear in the SMP output and does not affect
computations.

The last option, Write changes to SMP input file and exit, option number
16. requires the user to understand the naming convention using variants and cycles.
Changes to the input file hull geometry will cause the variant to change, but appendage
changes alone will not change the variant. The “save” submenu gives two possibilities
for saving the file.

The first choice will always create a new file with a new cycle number. If the variant
changed. then the new file wili also have a naw variant. For example, the modified file,
DD965HSE. 1s saved as either DDIESH? or DDIESI7, depending if the variant changed.

The second choice. will overwrite the existing file if the variant did not change. If the
variant did change. the new file will have a different varjant but same cycle number. For
example. the modified file. DD965HE. i« saved as either DD965H6 or DD96516, depending
if the variant changed.

It is important to keep track of which variant and cvcle have what modification to

know what is in which subdirectory. The annotation line is useful for this.

Run SMP

Runs SMP93-PC using the current ship and directs output to the proper directories.

The Run SMP menu allows the user to decide which files to keep and which to delete

13




after r—unning SMP. Not all these files are created for every SMP run. Which files are
generated by SMP depends on the output options flagged in the Program (Run) Options
line of the SMP input file. Reference 1 and SMPEDIT describe run options and how
they affect the output. Choosing to save a file does not generate the file if those output
options are not chosen in the SMP input file. The selections simply toggle between yes

and no. The possible files are listed in Table 6.

Table 6. Description of possible SMP output files.

Menu choice Description Type t | Extension
Potential file Potential flow velocity potential B POT
Coefficient file Added mass and damping, excitation B COF
Load coefficient file Loads B LCO
Hull plot file = Spline fit of offsets for HULLPLOT A HPL
Load response operator file | Response operators for loads B LRA
Origin file % Ship origin transfer function file B ORG
Response operator file Response amplitude operators B RAO
RMS file Response RMS for unit wave height B RMS
Severe motion file Worst case response and sea conditions B SEV
Speed polar data file » Response data for speed polar plots B SPD
Speed polar text file = Labels and titles for speed polar plots A SPT
Lateral coeffcient file Frequency domain coefficients B LAC

for rudder roll stabilization
Lateral excitation file Frequency domain coefficients B LAE
for rudder roll stabilization ]

* saving recommended
1 A=AS5CIl: B=Binary

Polar plots

The polar plot routine, POLAREGA, provides two types of plots: a polar plot of
the response and a density plot of the response versus encountered modal period. The
polar plots can either be color filled contours or black and white. It is necessary to

run SMP and save the SPD and SPT files before attempting polar plots. If PREDICT
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cannoi find the SPD and SPT files for the current ship, it simply returns to the main
menu.

Like the rest of PREDICT, POLAREGA is menu driven. Table 7 gives the options
on the polar plot main menu and Table 8 gives the options on the density plot main
menu. POLAREGA uses values from the previous plot as default vaiues for the current

plot.

Table 7. Polar plot main menu options.

Number Selection
1 Select Channel
2 Change Sea Condition
3 Select Magnitude or Period
4 Select Color or Black and White Print

Change Scale
Piot Polar Plot
Exit

(=230 ML

Table 8. Density plot main menu options.

:\‘umber—’ Selection
1 Select Channel
()

| Change Scales

3 | Change Sea Type
4 LPIOL Density
5 FExit

A chanunel is simply a ship response. The ship response name is the name used
internally to SMP to identifyv responses. In that naming convention: displacement is
DSP; velocity 1s VEL: acceleration i1s ACC: lateral 1s LAT; longitudinal 1s LON: vertical
is VER; reiative motion is RLM, relative velocity 1s RLV: and points are P1 to PO0. So

pitch velocity would be PITVEL and vertical acceleration of point 3 would be VERACCP3.




Select.ing a response also gives the user a chance to set the wave direction and change
the scales.

The sea condition is a 10 character string, beginning vith the Bretschneider desig-
ration “BR", containing the significant wave height, modal period, and crestedness of
the seas. Again POLAREGA uses the SMP internal representation. The first four dig-
its are the significant wave height without a decimal place. The next two digits are the
modal period. The last two characters denote either longcrested or shortcrested. For
example, BRO61911SC would be a shortcrested Bretschneider spectra with a significant
wave height of 6.19 feet and modal period of 11 seconds. Changing the sea condition
also gives the user a chance to set the wave direction.

Changing the scale of a polar plot simply determines the maximum and minimum
contours and the contour increment. On the density plot, changing the scale affects the
v axis only.

Choosing between magnitude or period is a choice between plotting the magnitude
or the encountered modal period of the response. Selecting a response also gives the
user a chance to set the wave direction and change the scales.

Setting the wave direction equal to 0 means the ship’s bow is pointed towards
0 degrees. This 1s the most common setting. Using a non-zero value is useful for
comparing with full scale trials data where heading has actual geographical significance.
The speeds for the plot come from the SMP input file.

To generate a polar plot. step through the options selecting a response, sea condi-
tion, black and white or color. anc response or period. There are many opportunities
to change the scale, so it is not alwivs necessary to do so. POLAREGA reads SMP-
SYS.TEX. POLAR.DAT. and DENS.TY.DAT for the path and previous run data.

Quit
Returns user to PREDICT main menu.

STH APPLICATIONS MANAGER

The Simulation Time History Applications Manager (STHAM) helps the user in

setting up STH and ACTH runs. The options allow the user to set data paths, select
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ships, -create STH and ACTH input files, run STH and ACTH, and plot the time

histories.

STHAM MAIN MENU OPTIONS

This section is a brief description of the main menu options and what they do.
Details as to input file formats and program theory are in Reference 3. See Table 9 for

listing of main menu options and a brief description.

HELP

HELP gives a description of the general overview of the STH applications manager
and the main menu options. The HELP menu, see Figure 5, is very similar to the

STHAM main menu and provides the same sort of help as the SMPAM online help.

STH HELP MENU

Help Topics

1. General Description 9. View ACTH Run Summary

2. Overview 10. Edit ACTH input

3. STH System Specification il. Run ACTH (Mot/vel/acc at a point)
4. Change STH data path 12. View ACTH ERROR.TEX file

5. Change Ship 13. Data Analysis and Plots (COLLECT)
6. View STH Run Summary 14. Convert ACTH data format

7. Edit STH input (COLLECT binasy to ASCII)

8. Run STH 15. Exit HELP menu

Enter HELP topic number ?

Fig. 5. STH applications manager HELP menu.

STH System Specifications

The system specifications option creates, views, or modifies the paths and directory
specifications for time history input and output. These specifications are in the file,

STHSYS.TEX. and could be created. viewed. or modified outside PREDICT.

This option has two submenus. The first specifies the action to take on the sys-
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Table 9. STH Applications Manager main menu selections and description.

Number

Selection

Description |

1

HELP

Online help for STHAM.

2

STH System Specifications

Sets default paths and directories for lecating !
data for STH and ACTH runs. i

Change STH data path

Changes STH input path without exercising se- g
lection 2.

Change Ship

Changes ship directory, variant, and cycle with |
exercising selection 2.

n

View STH Run Summary

Pages through STH run summary file,
STHLOG.TEYX.

Edit STH input

Accesses STI input file so user can set proper
sea conditions.

Run STH

Runs STH for current ship and input files.

o |~

View ACTH Run Summary

Page through ACTH run summary file,

ACTHLOG.TEX.

Edit ACTH input

Accesses ACTH input file so user can select |
point locations for time histories.

i

10

Run ACTH

(Mot /vel/acc at a point)

Run: ACTH f{or current. ship and input files. !

1)

View ACTH
ERROR.TENX fiic

Pages through ACTH run time error file.

Data Plot

I Plotting routines for hardcopy output of ST
t'and ACTH time 1. stories.

13

Convert ACTH data formmat

T

Converts binary output files to ASCIIL.

14

—t

QUIT

| Returns to PREDICT main menu.
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tem sf)eciﬁcations, either create, view, or modify. Choosing Exit at this point returns
PREDICT to the STHAM main menu. Choosing Create steps through all the specifi-
cations one at a time, asking the user to enter the appropriate path or directery. When
Vcomplete the data are written to STESYS.TEX.

Choosing to View the system specifications simply displays them on the screen and
does not change them.

Choosing to Modify the system specifications brings up the second submenu, see
Figure 6. Using the second submenu, the user can change just the specification desired.
The most typical changes, the STH data path and ship variables, can be made more
easily using opiions 3 and 4 of the STHAM main menu, Table 9. Again Appendix B
gives a Jescription of the file directory structure and default paths. Table 10 has a

listing and briei description of the system specification menu options.

Table 10. STH system specifications listing and description.

rl\'umbcr Option Description
Lo ' Help On-line help to explain menu options.
2 STH program path Location of STHAM executables.
3 | STH data path Location of STH output files.
4 COLLECT program path | Location of COLLECT executables.
5 | COLLECT data path | Location of ACTH output.
6 SMP program path Location of SMPAM executables. |
T SMP input path Location of SMP input files.
8 SMP data path t Location of ship origin transfer function files,
L usually the SMP binary output directory.
G l Ship type i Subdirectory of SMP input directory.
10 Current ship i Root of shi;-n-;me.
B Variant | Denotes changes in hull geometry. (A-7)
12 Cycle ! Number of SMP runs madc with this variant.
13 Title | Default value is first line from current SMP
] imput file.
14 Exit this menu ‘ Returns to first STH system specification
[ | | menu.
19




MODIFY STH SYSTEM SPECIFICATIONS
R ceeSil e THEL T 00 pigt of options

1. Help
2. STH PROGRAM PATH=D:\STH
3. STH DATA PATH=D:\STHDATA
4. COLLECT PROGRAM PATH=C:\COLOCT91
5. COLLECT DATA PATH=D:\DATA
6. SMP PROGRAM PATH=D:\SMP
7. SMP INPUT PATH=D:\ALTINPUT
8. SMP DATA PATH=D:\SMPDATA
9. SHIP TYPE~DLESTROYR
- 10. CURRENT SHIP=DDS65
T 11. VARIANT=H
12. CYCLE=6
13. TITLE=DD965 SPIP STABILIZATION STUDY ARMORED TRIMMED RRS STAB $/22/88
14. Exit this menu

Enter option ?

Fig. 6. STH system specifications menu.

Change STH data path

remains unchanged. The drive and directory name can be changed using STHAM main

menu option 2, STH Systems Specifications.

Change ship

With this option, the user selects a new ship from a displayed list of available SMP
origin transfer function files. and STH input files. First the user can choose from existing
ship time history input files located in STH by entering the new ship's number, or enter
A to accept the current ship.

If the desired ship does not vet have a time history input file, enter N. Whereupon,
the user selects a Ship Type subhdireciory and ship from the SMP input directory, in

the manner described for selecting shups with the SMPAM.

20
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View‘STH Run Summary

This option displays the STH run summary file, STELOG.TEX, on the terminal
screen. The STH run summary keeps track of which origin file was used with what
sea conditions, i.e. significant wave height, wave modal period, ship speed and head-
ing. Each ship has its own run summary file located in STRDATA\SORoot Variant, e.g.
STHDATA\SODD965H.

Edit STH input

STHEDIT allows the user to change the STH input in an orderly fashion that
minimizes input error. STHAM uses two input files: a ship dependent input file that
also has ACTH data, and a generic input file, STH.INP. STHEDIT updates both these
files. Appendix C describes the ship specific input file. Reference 3, pages 16-20,
describes the STH input file, STH.INP, format fullv. Once the user becomes familiar
with the input format, it may be easier and faster to edit the files manually by accepting
the current selections and then opting to edit the file using Norton™ Editor later.

STHEDIT presents all the STH relevant data on one screen, and the user changes
the snput by entering the number of the data and its new value, separated by a comma.
The new value should include the decimal point. When finished, the user then selects
the starting run numbers and may edit the input file to remove unwanted sea condi-
tions. See the example in the STHEDIT, page 37, for information about choosing sea

conditions, run numbers. and changes to make using Norton™ Editor.

Run STH

Runs STH using the current ship origin transfer function file and STH input file.
Output files SRN.TEX and SRN.DAT. wiere N is the run number, are written to SORoot
Variant subdirectory in the directory specified by STH DATA path.

View ACTH Run Summary

This option pages the ACTH run summary file. TRIALLOG.TEX, onto the terminal
screen. The ACTH run summary keeps track of which sea conditions, i.c. significant

wave height, wave modal period, ship speed and heading, were used for a run. Each




ship has its own run summary file located in DATA\SProot variant, e.g. DATA\SPDD965H.

Edit ACTH input

ACTHEDIT allows the user to change the ACTH input file. STHAM uses two input
files to run ACTH: a ship specific input file that also has STH data, and a generic ACTH
input file, ACTE.INP. Apperndix C describes the ship specific input file. Reference 3,
pages 22-27, describes the ACTH input file format fully. It is always possible to edit
input files using some other editor, and may be faster and easier once the user is familiar

with the input format.

Table 11. ACTHEDIT main menu cpiions and description.

Number Option Description
1 | HELP Provides online help about ACTH input file
2 Edit Wave Point Lo- | Delete, create, or modify wave point locations.
cations Must specify same locations as STH run, or

ACTH will not run.

3 Edit Point Locations | Delete, create, or modify points at which to cal-
culate absolute motion.

4 Edit channels Specify responses and points for time history
calculations.

5 Select STH Runs Chose STH run, or trial, to use as basis for ACTH

time histories by flagging or unflagging ship and
sea conditions.

6 Select OUTPUT for- | Choose between either binary or ASCII output.
mat

-1

Exit this menu 1 Returns to STHAM main menu.

The organization of ACTHEDIT is hike SMPEDIT. having menus and submenus.
rather than STHEDIT which makes sclections from just one list. Table 11 lists the
ACTHEDIT main menu options.

The subscreens are all fairly similar in that they have submenus that allow the ex-
isting data to be modified or deleted. or new data added. It is simply a matter of mak-

ing the desired choice and entering the data. See the example section ACTHEDIT,
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page 43, for information about modifying data and selecting STH runs.

Some choices do require some extra explanation:

Wave point locations. STHAM will not allow the user to enter wave point
locations if the selected STH runs do not have wave points. So it necessary to specify
the STH runs with wave points before editing the wave point locations. Also if the

wave points lncations are not identical between the STH runs and ACTH input, then
ACTH will not run.

Edit Point Locations The actual mechanics of adding, deleting, or modifying

point locations are simple: separate data with commas and include decimal points.

But changing the point locations here does not update the point location data used
elsewhere. It is necessary to modify the channels selected to make sure they are using

the new point locations.

Channel selection. Channel selection involves menus which determine which re-
sponse is saved in what channel. Only responses with assigned channels are saved in
the output files. A channel is simply a column of numbers with data saved for every
time step. A maximum of 16 channels are possibie.

The first submenu asks whether to modify, delete, or add a channel. The next
submenu asks for a channel number to operate on. And the final submenu lists the
possible responses to assign to channels. Table 12 lists the type of respcnses possible
and which submenu choice they are associated with. The final selection involves spec-
ifying whether a response is vertical. lateral, or longitudinal; a displacement, velocity.
acceleration, or force; or is ship-referenced or earth-referenced.

ACTH uses channels and points from the previous run as initia! values and does not
update point locaticns automatically. Hf these are not appropriate, it is necessary to
either modify the existing chiannels. or delete them and add new ones. When adding a
new channel, wave height is always the default channel and is then changed by further

selections.

Select STH runs. STHAM presents the conditions used to generate the STH

output files in the specified STII data directory and ship subdirectory automatically.
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Table 12. Possible response selections.

Selection Description
Wave height origin-— Wave elevation at originﬂ¢ o
Origin motion Six degree of freedom respoase - displacemnent.. ve-
locity, and acceleration
Motion at a point Longitudinal, lateral, and vertical displacement,

velocity, and acceleration of a point in Earth ref-
erence frame.

Relative Motion point | Longitudinal, lateral, and vertical displacement,
velocity, and acceleration of a point in ship refer-
ence frame.

Wave height at a Point | Wave elevation at a point.

Forces at a point Longitudinal, lateral, and vertical forces at a point
in Earth or ship reference frame.

Thus, the user can only flag or unflag the choices in this matrix; it is not possible to
increase the matrix of conditions here. If the desired condition does not exist among
the list of choices. either specify a new STH data directory and ship subdirectory, or

make a STH run for the desired conditions.

Run ACTH (Mot/vel/acc at a point)

Calculates motion at a point time histories by running ACTH using vne current ship
origin time history files and ACTH input file. Writes output files, DRN.TEX, DRN.ASC,
DRN.INT.DRN.CON. where Nis the run number. into the COLLECT data path directory
and ship subdirectory, e.g. DATA\SPDD965K.

View ACTH ERROR.TEX file

Displays file, ERROR.TEX. to the screen. ERROR.TEX contains any error messages
written while running ACTH. If ACTH ran without error. ERROR. TEX has the message:

All STH runs were successfully completed.
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Data Analysis and Plots

The Data Analysis and Flots option plots the ACTH time history data. The current
maximum amount of data that can be plotted is 16 channels at 3 samples per second
for 20 minutes.

The first submenu, titled Datalog data analysis and plotting, has options to
select the data path and run to plot. Table 13 lists the menu options.

Table 13. Datalog data analysis and plotting menu options.

Number Option Description

1 Computer system | Modify COMPSYS.TEX
specification

Change DATA | Changes drive of DATA directory.
Analysis drive

3 Change TRIAL Select new TRIAL subdirectory.

4 Get new run Select new run from current DATA analvsis path.

[ )

5 Plot data Continues with plotting menu.

Changes to COMPSYS. TEX COMPSYS.TEX has path and file data for CLT-
MAIN, the way SMPSYS.TEX has data for SMPMAIN. See Figure 7 for an example
coMPSYS.TEX file. PREDICT only uses CLTMAIN for plotting and most of the data in
COMPSYS.TEX is extrancous for plotting purposes. Table 14 lists and briefly describes

the lines pertinent for plotting.

Data path variables Options 2 - 4 work like the SMMPAM and STHAM data
path related options. except some of the terminology in new. TRIAL refers to the sub-
directory names in DATA. the directory specified by COLLECT data path. Their names
have the form SPRont Variant and are analogous to the subdirectories in STHDATA. A
run refers to the set of sea conditions used when calculating the time history data. Run

numbers are assigned to sea conditions in the same order as the in the ACTH input
file.

Datalog plotting Tlis menu has the details for determining the look of the time

history plots. Here the user selects the channels and scales to use for the plots. It is also
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Table 14. COMPSYS.TEX lines used by PREDICT.

Number Option Description :
1 HELP On-linelhelp to exﬂin menu options.
4 Halo™ program path Location of Halo™ files.
5 Halo™ graphics screen driver | Screen driver identifier.
6 Halo™ printer driver Printer driver identifier.
T COLLECT program path Location of CLTAM executables.
9 DATA analysis path Directory of ACTH output.
19 Current run path Directory of current run data.
20 Current run Number of run currently plotting.
25 Exit Returns to previous menu.

BOOTUP DRIVE=C

RAM DRIVE=C

HALO PROGRAM PATH=C:\HPRO_FOR

HALO GRAPHICS SCREEN DRIVER=IBME
HALO PRINTER DRIVER=LJTP

COLLECT PROGRAM PATH=C:\COLOCT91
DATA COLLECT PATH=C:\DATA\CUS78801
DATAR ANALYSIS PATH=D:\DATA\SPDD965A
DATA COLLECT OPTION=REPLAY

DATA COLLECT BACKUP PATH=NO DATA COLLECT BACKUP PATH
AUTOMIX OPTION=NO

AUTOMIX NUMBER=]

TRIAL TITLE=T-AGOS 19 3 DAY SHAKEDOWN TRIP NORFOLK
CURRENT TRIAL NAME=CUS78801
COMPUTER IDENTIFICATION=B

TRIAL SUBDIRECTORY SEQ NO=2

NIGHT COLOR=NO

CURRENT RUN PATH=D:\DATA\SPDD965A
CURRENT RUN=3}

COMPUTER=COLLECT

COM]1=NONE

COM2=NONE

USE EMS=YES

Fig. 7. COMPSYS.TEX example file.
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possible to look at the actual data in a text format. Table 15 lists and briefly describes

the menu options.

Changing the Y-scale requires some further explanation. DLPLOT uses either de-

fault values of one, or the previous Y ranges for the current plot. There are three scaling

options when changing the Y scale. Entering a single N autoscales ull the channels. En-

tering a N, channel number, e.g. ¥, 3, autoscales just that channel. To manually scale a

channel, enter channel number, maztmum y value, minimum y value, y snerement, e.g.

2, 3.0, -2.0, 1.. Remember to separate data by commas and include the decimal

point. Entering a zero exits this option.

Table 15. Datalog plotting submenu options.

rNumberJ Option Description

1| HELP Online help about DATALOG plotting.

2 | Get run Choose different run number from current DATA
analysis path.

3 1 Edit channels Change channels to plot
(6 maximum for QPLOT).

4 | Graph type ] Change type of graph.

5 | Change Y scale | Overrides default scaling values for y axis.

6 | Change X increment | Changes x axis tic mark increment.

7| Time Changes starting and stopping time of plot.

8 | Plot data Plots data 1o screen.

Display data Pages through the digital time history data for

the sclected channels.

10 | Displayv text file Pages through run log and minimum analysis of
current run.

11 I Exit Returns to Data Analysis and Plotting
Menu.

Convert ACTH data format (binary to ASCII)

Converts ACTH time history data from a binarv format to an ASCII format for

more general use. Reference 3. pages 28 - 29, describes both the binary and ASCII file

I
it
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formats.

. Quit

Returns control to PREDICT main menu.

EXAMPLE PREDICT RUN

This section is a start to finish example of using PREDICT to generate motion at
a point time histories from a SMP93-PC input file. Reference 3, pages 30-33, has an
example of running STH and ACTH not using the application manager.

This example assumes the existence of the SMP93-PC input file. References 1 and 2
detail the correct SMP input file format. The system specifications are set to the default
values given in Appendix B. The figures are the actual screens from the run. The user
is encouraged to use this section as a tutorial and follow along on their computer. To

select an option, type thai option's number at the prompt and press the RETURN key.

EXAMPLE PROBLEM STATEMENT

input file by running SMP, STH. and ACTH. The input file is DD965HE . INP and will be
in subdirectory ALTINPUT\DESTROYR. We want motion-at-a-point time histories of a
boom tip in two sea conditions. The boom tip location is station 20.1, 15 feet starboard
of centerline, and 40 feet up from the baseline.

The two sea conditions are: 20 knots. head seas (0 degrees), 6.2-foot significant
wave height, and 9-second modal period: and 10 knots, beam seas (90 degrees), 6.2-

foot significant wave height. and 7-second modal period. The response to plot is the

vertical acceleration of the boom tip.

PRE-RUN SET UP

The first step is create a properly formatted SMP input file before running PRE-
DICT. If the input file is not correctly formatted, PREDICT will return to the DOS
prompt when the user tries to run SN P or edit the file. The file name should follow the

specifications in NAMING CONVENTIONS, page 5, and have the INP extension,

28
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other@ise PREDICT will not be able to find the file. Secondly, the user needs to know

the directory where the input file is located so the path can be specified correctly. For

~ the example, the input file, DD965HE . INP, will be in subdirectory ALTINPUT\DESTROYR.

RUNNING SMP

Having set up the input file and directory, the user types: PREDICT at the DOS
prompt. The user sees Figure 8 on the screen, and enters a 1 to select Run SMP

Application Manager.

PREDICTION PROGRAMS MANAGER

List of Options

Standard Ship Motion Program
Simulation Time History Program
Dlplot

EXIT

SN

Enter Option ?

Fig. 8. PREDICT main menu.

The SMP Application Manager (SMPAM) main menu, Figure 9, is the next screen.
Before instantly choosing option 10 and running SMP, the user needs to make sure the
desired ship is the current one and the SMP input file has the correct loading. speeds,

and appendages.

Setting current ship

If the input path were the default one. SMPINPUT, it would be possible to select
option 4, Change ship and select the desired ship; however. this is not the case. The
input file is in ALTINPUT\DESTROYR. so the input path is ALTINPUT. Instead of option 4.
the user should choose option 2. SMP system specification. and then select option
3. Figure 10, to modify the system specifications. Details of SMP system specification

are found in online help or in Appendix B.
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1.
2.
3.

6.

SMP APPLICATIONS MANAGFR

Current Ship + Variant = CVN68A

List of Options

HELP 7. View ship hydrostatics
SMP System Specification 8. Hull plot

Change SMP data path 9. View/Edit SMP input file
Change ship 10. Run SMP

View SMP Runlog file 11. Polar plots

View SMP Output file 12. QUIT

Enter Option ? 2

-, aE ..

Fig. 9. SMP application manager main menu.

SMP SYSTEM SPECIFICATIONS

I.ist of Options

1. Create (specifications)
2. View (specifications)
3. Modify (specifications)
4. Exit this menu

Enter Option ? 3

Fig. 10. SMP svstems specifications menu.
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The pertinent specifications to input path and current ship are: SMP input path,

ship type, current ship, variant, and cycie. Here the user types the option number ta

change and enters the new values. The SMP input path is ALTINPUT; the ship type is
the subdirectory DESTROYR; the current ship is DD965; the variant is H; and the cycle
1s 6. Figure 11 show the menu before any changes. Once all the changes are complete,

Figure 12, the user enters 15 and then 4 to return to SMPAM main menu.

MODIFY SMP SYSTEM SPECIFICATIONS

Note that path changes require starting
from the drive letter and root directory

List of Options

Help
HALO PROGRAM PATH=C:\HFRC_FOR
HAIO GRAPHICS SCREEN DRIVER=IBME
HALO PRINTER DRIVEK=EPSN
SMP PRCGRAM PATH=D:\SMP
SMP INPUT PATH=D:\SMPINPUT
SMP OUTPUT PATH=D:\SMPOUTPT
SMP DATA PATH=D:\SMPDATA
SHIP TYPE=CARRIER

10. CURRENT SHIP=CVN6S

11. VARIANTe=A

12. CYCLE=2
13. TITLE= from HFDS Te=39.7 92-12~11

Wm LW E LN

14, OPTION=2
15. Exit this menu

Enter option ?

Fig. 11. Modify SMP systems specifications menu before changes.

Checking input

It 1s worthwhile to view the input before running SMP just to make sure the run
is set up correctly. To check the input. select SNMPAM main menu option 9. Figure 9,
and option 1 of the next submenu. Figure 13.

Uipon paging througu the mput file, we notice the speeds and sea states are wrong.
The example problem has two speeds, 10 and 20 knots, and only one sea state. While
1t 13 necessary to match speeds unth the time history conditions. the time history sea

states are selected independentiy 1 STH. However, running four sea states is a waste




MODIFY SMP SYSTEM SPECIFICATIONS

Note that path changes require starting
from the drive letter and root directory

List of Options

1. Help
2. HALO PROGRAM PATH=C:\HPRO_FOR
3. HALO GRAPHICS SCREEN DRIVER=IBME
4. HALO PRINTER DRIVER=EPSN
5. SMP PROGRAM PATH=D:\SMP
6. SMP INPUT PATH=D:\ALTINPUT
7. SMP OUTPUT PATH=D:\SMPOUTPT
8. SMP DATA PATH=D:\SMPDATA

9. SHIP TYPE=DESTROYR

10. CURRENT SHIP=DD965

11. VARIANTwH

12. CYCLE=¢

13. TITLE= from HFDS T=39.7 92-12-11

14. OPTION=?
15. Exit this menu

Enter option ? 15

Fig. 12. Modify SMP systems specifications menu after changes.

|
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‘ VIEW/EDIT SMP INPUT FILE
!

! List of Options

: 1. View SMP input file
i 2. Edit SMP input file
! 3. Exat this menu

: Enter Option ? 1

L

Iag. 130 View/Edit SNP imput file.
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of time and disk space when only one is needed.

_SMPEDIT

Returning to the previous menu, Figure 13, and selecting option 2 brings Fig-
ure 14 to the screen. SMPEDIT requires some knowledge of the SMP input format
to know which variables are under what titles. Looking at Reference 1 reveals that
ship speeds are under option 4, HULL PARTICULARS, and sea states are under option
1.1, SEA STATE AND ROLL ITERATION.

EDIT SMP23 INPUT FILE

CHANGE ANY OF THE FOLLOWING OR WRITE CHANGES TO SMP INPUT FILE

1 - TITLE

2 - RUN OPTIONS

3 - PHYSICAL UNITS

4 - HULL PARTICULARS

5 - LOADING PARTICULARS

6 - UNDERWATER KULL GEOMETRY

? - BILGE KEEL(S)

e - SKEG(S)

9 - RUDDER(S)

10 - PROPELLER SHAFT BRACKET SET(S)

1) - FIN(S)

12 - MOTIONS AT A POINT

13 - RELATIVE MOTION

14 = SEA STATE AND ROLL ITERATION

15 = EDIT ANNOTATION

16 - WRITE CHANGES TO SMP INPUT FILE AND EXIT
ENTER USER OPTION : 4

Fig. 14. Edit SMP93-PC input file main menu.

Again the user selects the options to change and follows the submenu directions to
make the desired changes. Selecting option 4. brings Figure 15 to the screen. Change
the speeds to 20 knots maximum and 10-knot increments as stated in the problem
statement.

Return to the SMPEDIT main menu and select option 14 to change the sea state.
Figure 16 displays the other type of submenu. Here the user first determines a coursc

of action. deleting. creating. or changing the data, and then specifies which variable to




'HULL PARTICULAR VARIABLES AND CURRENT VALUES ARE:

OPTION VALUE
1 - Length between perpendiculars 529.0000
2 - Beam at midships 54.9000
3 - Draft at midships 20.3300
4 - Displacement in long tons 8282.00
5 - Design speed in knots 25.0000
6 - Increment for speed 5.0000
7 - Model Length (0 for full-scale) 0.0000
8 - TO EXIT THIS MENU

ENTER OPTION NUMBER TO CHANGE VALUES: 5

Fig. 15. Hull particulars menu.

act on. After deleting the extra significant wave heights, 10.7, 16.4, and 29.6 feet, the
user returns to the SMPEDIT main menu. In most cases, the same sea states are used

for SMP and STH so most interesting conditions can be selected from the SMP output.

It is possible to delete in the SMP input file the sea state that would be later
used when making time history runs. This is because STH uses the response transfer
functions to calculate time histories, and the response transfer functions are virtually
independent of sea state. The only non-linearity is in the lateral mode responses which
depend on amplitude dependent roll damping. STH does type of roll iteration as SMP
does to pick the correct roll transfer function. So it is possible to calculate the response
transfer functions for one sea state and time histories for another sea state using those
transfer functions.

Note that it is not necessary to specify the motion points in the SMP93-PC input
file now to generate motion point time histories later. However. if there is some question
as to the exact conditions to specify later, calculating motion point response with SMP
would shed some light on which conditions are worst. To specify a point, select either

option 12 or 13 and follow the submenu instructions. Further explanation is in Edit
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SEA STATE AND ROLL ITERATION

4 SIGNIFICANT WAVE HEIGHT(S) ARE USED. THEY ARE :

6.2000 10.7000 16.4000 29.6000
SINGLE AM.. TUDE STATISTIC USED = 2.0000
STATISTIC NaME = SIGNIFICANT

OPTIONS ARE

- Delete a significant wave height
- Create a significant wave height
Change single amplitude statistic
- Change statistic name

- EXIT THIS MENU

VI & WK
)

ENTER OPTION : 1

Fig. 16. Sea state and roll iteration menu.

Storage Options
1. Save changes to new file with updated
cycle number
2. Overwrite the original input file if variant has
not changed, otherwise create a new file with

the same cycle number and updated wvariant

VAR1ANT CHANGED NO

Enter Opticn ? 2

Fig. 17. SMPLEDIT output storage options menu.




SMP input, page 12.

As a further input file check, it is useful to make a hydrostatic SMP run by entering 2
at the EDIT SMP input file main menu (Figure 14), for lun Options and setting OPTN
equal to 1. Only after the hydrostatics run is it possible to View ship hydrostatics
or Hull plot with the SMPAM. The rest of the run procedure is the same as the full
SMP run (OPTN=2). After checking the hydrostatics, the user needs to edit the input
file again to set OPTN to 2 or 3. For our example, we assume the input file is correct
with respect to hydrostatics and hull shape.

Entering 16, for Write changes to SMP input file and exit, brings the user
to Figure 17. The variant has not changed with just changing the speeds and sea states;
select 2 to overwrite the file. The current ship is still DD965H6 . INP. SMPEDIT updates

the application manager's current ship automatically upon exiting SMPEDIT when the

variant or cycle change.

Running SMP93-PC

Now that the input file is correct. the user can run SMP93-PC, main menu option
10, and expect results. The screen displays a run log while SMP93-PC is running. This
data is also written to the run log file. SMPOUTPT\DESTROYR\DD963H6 .TEX. A run of
one sea state and seven speeds run takes about 40 minutes on a 486DX/25+.

When SMP93-PC 1s through. Figurc 18 appears on the screen giving the user the
option to delete or save SMPO3-PC output files. Seleciing an option toggles between

ves and no. or save and delete.

Save whatever files are necessary for future work. typically the hull plot, origin, and
speed polar files. Generating timie lnstories only requires the origin file, DD965H . ORG,
which is automatically saved in subdirectory SHPDATA\DD965. Saving the hull plot file
enables the user to use the SMPAM HULPLOT option. The speed polar files, SPD and
SPT. arc for generating speed polar plots.

Enter 17 to return to the SNTPAM main menu (Figure 9) and then enter 12 to retuin

to PREDICT main menu (Figure §).
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List of Options (Note that SAVE=Y)
Selection of option toggles between Y and N

1. Help 9. RMS file

2. Potential file 10. Severe motion file

3. Coefficient file 11. Speed polar data file

4. Load coefficient file 12. Speed polar text file

5. Hull plot file Lateral coefficient file
6. Load response operator file 14. Lateral excitation file
7. Oriygin file 15. Save all files above

8. Response operator file 16. Save no files above

nuwnu

ZRZCZZZ
-
w
nrnonn
ZEXZZZX

17. Exit this menu

Enter option ?

Fig. 18. Files to save after running SMP menu.

RUNNING STH

To launch the STH Application Manager (STHAM), enter 2 at PREDICT main
menu (Figure 8). This brings the STHAM main menu, Figure 19, to the screen. Again
it will be necessary to change the STH system specifications tc match the SMP input
path and current ship. This is carried out much like the SMPAM system specification

changes and will not be demonstrated again.

STHEDIT

After correctly setting the current ship and paths, the next step is to generate a
STH mput file. Choose STHAM main menu option 6, Edit STH input, and bring
up the EDIT STH Ship/Sea Conditions for menu, Figure 20. This screen has all
pertinent data to make STH runs. but the default values may not be the desired ones.
Each variablc has a number to the left of it. which is referred to as a line number by
this menu. As the instructions state, simply enter the number of the line to change and
the new value, separated by a comma.

To get more choices for @ wave pownt, ship, or sea condition line number, first
increase the total number of choices for that variable. The line numbers automatically

shift as the number of speeds, headings (hdngs), significant wave heights (sigwh). modal
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AR R : ~+ - SIMULATION TIME HISTORY APPLICATIONS MANAGER

Current Ship + Variant = OCEANA

List of Options

1. HELP 8. View ACTH Run Summary
2., STH System Specification 9. Edit ACTH input
3. Change STH data path 10. Run ACTH (Mot/vel/acc at a point)
4. Change Ship 11. View ACTH ERROR.TEX file
5. View STH Run Summary 12. Plot Data
6. Edit STH input 13. Convert ACTH data format
7. Run STH (COLLECT binary to ASCII)
14. QUIT
Enter Option ? 2
Fig. 19. STH application manager main menu.
EDIT STH Ship/Sea Conditions for DD96SH
Time history parameters 10. Sea type=LC { LC=longcrested seas )
1. sample rate= 4.00 sps ( SC=shortcrested seas ]
2. Start times= 0. sec
3. Stop time= 1200. sec
4. Roll statistic= 2. Wave Points (for Relative Motion)
Xloc Yloc 2loc Name
No of Ship/Sea conditions  =-cerecec-= R e e L L L T
5. No of speeds= 1
6. No of hdngs= 1
7. No of sigwhs= 1
8. No of tmodale }
9. No. of wave points= 0 Ship Conditions Sea Conditions
(for relative motion) SHPSPD HEAD SIGWH TMODAL
knots deg feet sec
Enter no of line you wish 11. Ve20,.0 12. H= 23, 13. 8= 6.20 14, T= 1,
to change and value.
Type Wave Point Line, ©
ro change wave point.
Tvpe 0,0 to accept
all lines ?

Fig. 20. Edit STII Ship/Sea conditions menu before changes.
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periods (tmodal), and number of wave points change.

Relative motion time histories require some forethought because the wave points

__need to be specified in the STH ioput file and again in the ACTH input file. If the

points specified in the two input files are not identical, ACTH will not run.

The two sea conditions for the example are: 20 knots, head seas (0 degrees), 6.2-
foot significant wave height, and 9-second modal period; and 10 knots, beam seas (90
degrees), 6.2-foot significant wave height, and 7-second modal period. Again, note the

significant wave height does not have to match that used for the SMP run.

EDIT STH Ship/Sea Conditions for DD965H

Time history parameters 10. Sea type=LC ( Lc=longcrested seas )
1, Sample rate= 4 sps ' [ SC=shortcrested seas )
2. Start time= 0 sec
3., Stop time= 1200 sec )
4. Roll statistic= 2 Wave Points (for Relative Motion)
Xloc Yloc Zloc Name
No of Ship/Sea conditions  ==-=<===---com-—mm——omeomoo-SoSSSSoSoosomSomssT
5. No of speeds= 2
6. No of hdngs= 2
7. No of sigwh= 1
8. No of tmodal= 2 o
9. No. of wave points= 0 Ship CZonditicns Sea conditions
(for relative motion) SHPSFC HEAD SIGWH TMODAL
knots deg feet sec
Enter no of line you wish 11. V= 20 13. H= 90 15. §= 6.2 16. T=
to change and value. 12. V= 10 14. H= 0 17. T=

Type Wave Point Line, 0
to change wave point.
Type 0,0 to accept

all lines ? 0,0

Fig. 21. Edit STH Ship/Sea conditions menu after changes.

Enter 5,2 to set the number of speeds equal to two. Enter 12,10.0 so the two
speeds are 10 and 20 knots. [t 1« itmportant to snclude the decimal point when making
changes. Twenty knots alrcady exists. being left over from a previous run. Increases
in ship heading and modal period are made in the same fashion.

Once the changes are complete. Figure 21, entering 0,0 brings up Figure 22. PRE.

DICT automatically generates sca conditions for the full matrix of possible combinations

of ship speed. heading. significant wave height, and modal period and includes them in




the it;put file. This screen displays the chosen sea crnditions and number of possible
combinations, in this case eight (2 speeds x 2 headings x 1 significant wave height x 2
_-modal periods). The new run numbers are consecutive to previous runs with this ship
and variant, so existing data is not overwritten by accident. It is possible to override

this by choosing another starting run number.

The f»>llowing Ship/Sea conditions have been selected

Speeds (knots) = 20, 10

Headings (deg) = 90, 0

Signif. wave hts (ft or m) = 6.2

Modal wave periods (sec) = 9, 7

There are a total ¢f 8 condition(s)
( 2 SPD * 2 HDG * 1 SWH * 2 MWP )

The next starting STH run = 1

Do you want to change the next starting STH run (Y/N) ? N

Fig. 22. STH ship/sea conditions and run number selection screen.

EDIT STH INPUT for DD965H

List of Options

1. Accept the new STH input

2. Edit the STH input using the
full screen NORTON Editor

Enter Option ? 2

Fig. 23. Edit STH input file menu.

The next screen. Figure 23, gives the user the option of onc last editing of the input
file using Norton™ Editor®. Accepting the input file (option 2), means running the

entire matrix of combinations. Usually. the zonditions matrix has many supertiuous
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entries. In our example, we have a matrix of eight conditions, but are only interested
in two. In that case, the user should edit the file using Norton™ Editor (option 2). In
Norton™ Editor, ~imply delete the unwanted sea conditions, change the total number
of sea conditior.  , the correct value, and renumber the remaining sea conditions.
While this may seem tedious, it actually takes less time, uses less disk space, and is

much easier than keeping track of all the extra runs.

D: \SMPDATA\DD965
D:\STHDATA\SODDS65H
DESTROYR

DD96€5

H

6

FEET

DDS65 SPIP STARILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88

NO OF WAVE POINTS= 0

List of Wave Points

NO X1ocC YLOC ZLocC NAME

8

1,4,0,1200,20,90,6.2,9,2,
2,4,0,1200,10,90,6.2,9,2, LC"
3,4,0,1200,20,0,6.2,9,2,"
4,4,0,1200,1¢,0,6.2,9,2,"
5,4,0,1200,20,90,6.2,7, 2,
6,4,0,1200,10,90,6.2,7,2,
7,4,0,1200,20,0,6.2,7,2, "LC
8,4,0,1200,10,0,6.2,7,2,

Fig. 24. STH input file before deleting superfluous conditions.

The example has six unwanted conditions, so the user should choose to edit the file
(option 2). Figures 24 and 25 show the input file, STH. INP. before and after the changes.
PREDICT also updates the ship specific and generic STHAM input file, DD965SH. INP
and STHAM.INP, at this time.

If editing STH. INP outside the application manager. change the number of STH runs

in STHAM.INP and STH\Root Variant.INP to match that in STH.INP.
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D:\SMPDATA\DDSES

D:\STHDATA\SODDS65H

DESTROYR
“DD96S

H

6

FEET

DD965 SPIP STABILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88

NO OF WAVE POINTS= 0

List of Wave Points
NO XLOoC YLOC ZLOoC NAME

2
1,4,0,1200,20,0,6.2,9,2,"LC"
2,4,0,1200,10,90,6.2,7,2,"LC"

Fig. 25. STH input file after deleting superfluous conditions.

Running STH

STH generates longcrested or shortcrested six-degree-of-freedom time historie: at the
origin (LCG at waterline on centerline). Longcrested waves have ali the wave energy
coming from one direction. STH shortcrested waves use a cosine squared spreading
function to spread the wave energy over £90° from the primary heading. Longcrested
runs are very quick, on the order of a minute per condition, and shortcrested runs take
about 10 minutes per condition on a 486DX/25+.

To run STH with the current ship and input file, the user selects STHAM main
menu option 7, Run STH. STH writes progress reports to the screen and to the STH
run summary file, STHLOG . TEX. while it runs. The time histories are saved to the
files STHDATA\SODD965SH\SR1 .DAT and SR2.DAT. When through, STH returns to the

STHAM main menu.

RUNNING ACTH

After STH calculates the origin time histories. the next steps in generating motion

at a point time histories are to generate an ACTH input file and run ACTH.
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ACTHEDIT

From the STHAM main menu. select option 9, Edit ACTH input, to bring up the

first ACTHEDIT submenu, Figure 26. The ACTH editor works much the same way as

SMPEDIT. There is the first submenu with the listing of the main parts of the input
file, e.g. point locations and channels. The user selects the option and follows the
instructions for further defining the variables, e.g. entering point locations. The point
location f - the example is a boom tip off the destroyer fan tail. station 20.1, 15 feet
starboard ot centerline, and 40 ieet up from the baseline.

ACTH uses the same point location coordinate system as SMP!, with the origin at
the forward perpendicular, on the centerline and baseline. The x direction is longitu-
dinal aloag the hull and uses station numbering, with the forward perpendicular being

station 0 and station numbers increasing aft. Y is positive to port and z is positive up.

EDIT ACTH INPUT MENU

Current Ship + Variant = DD965SH

List of options

1. HELP

2. Edit Wave Point Locations 5. Select STH Runs

3. Edit Point Locations 6. Select OUTPUT format
4. Edit channels 7. Exit this menu

Enter Option ? 3

Fig. 26 Edit ACTH input menu.

Selecting option 3 frorm the EDIT ACTH INPUT MENU brings up the point selection
menu, Figure 27, which displays points from the previcus run. Select option 1 to modify
an existing point and bring up the Modify existing point submenu, Figure 28. Enter
the number of the point to modifyv. Then at the new prompt. Figure 29, enter the new

location and name. separated by commas. PREDICT returns to the previous menu so

43




the user may enter the next point to modify. Enter 0 to return to Point Selection
menu. Now the user has the choice to delete the extra locations or to simply not
“save those channels.when selecting the channels. Delete and add points in the same

manner as modifying them. Entering a 4 returns the user to the main ACTH edit menu,
Figure 26.

ACTH PROGRAM - Point Selection

Current Ship = DD96S

Point Reference System

- - — - - - - - - -

Point Description

XLOC - station number NO. XLOC YLOC 2zLoC NAME
(0=FF,10=MIDSHIP, 20=AP)

YLOC - pos. to port 1 6.00 =16.0 45.0 ALMOST THE BRIDGE
from centerline 2 16.00 .0 70.0 HELO DECK BULLSEYE

210C - pos. up from baseline

. — " —————— -~ ——

1. Modify existing point ‘
2. Add a new point

3. Delete existing point I
4. Exit this menu

Enter selection no ? 1

Fig. 27. ACTH program point selection menu.

Edit wave point locations in the same fashion as ship point locations. If relative
motion (wave) points were specified in the STH runs, it is possible to calculate relative
motion time histories with ACT1] as long as the point locations are the same. But just
because the STH runs have wave poi‘its. does nnot mean the ACTH runs have to have
them also. However, tn cases where the previous ACTH run asked for wave points,
and the current STH run does not. then the previous wave point locations need to be
deleted.

The user chooses which resjponse time histories to save by editing the channels, EDIT
ACTH main menu option 4. Figure 30 shows the Channel selection menu. Again
channel selections from the previous run are left over and might need modification.

Each of the menu selections has its own submenus which prompt the user for a channel
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ACTH PROGRAM = Modify existing point

Current Ship = DD96S

Point Reference System Point Description
XLoC - station number NO. XLOC YLOC 2LOC NAME
(O=FP, 10=mMIDSHIP, 20=AP)
YLOC - pos. to port 1 6.00 =-16.0 45.0 ALMOST THE BRIDGE
from centerline 2 16.00 .0 70.0 HELO DECK BULLSEYE

ZloCc - pos. up from baseline

Enter no. of point you want to modify. Type 0 to quit ? 1

Fig. 28, ACTII program point selection - modify existing point submenu.

ACTH PROGRAM - Modify existing point
Current Ship = DD96S
Point Reference System Point Description
XLOC - station number NO. XLOC YLOC 210C NAME
(0=FP, 10=MIDSHIP, 20=AP)
YLOC - pos. to port b 6.00 =-16.0 45.0 ALMOST THE BRIDGE
fronm centerline 2 1l6.00 .0 70.0 HELO DECK BULLSEYE

ZL0C - pos. up fror baseline

Fnter XLOC, YLOC, ZLOC, ard NAMEL (up to 2C characters) for Point 1
{separated by commas) 20.1, -15.0, 40., BOOM TIP UP

I'ie. 29, ACTH progran: paiat selection - entering new point submenu.




numbér to operate on and which response to store in that channel, i.e. whether it
is vertical, lateral, or longitudinal; displacement, velocity, acceleration, or force. See
Channel selection, page 23, for the possible channel choices and brief descriptions.
Figures 31-35 show the menus used when modifying the channel selection to include

vertical acceleration of the boom tip.

ACTH PROGRAM -~ Channel Selection

Current Ship = DD965

List of Channels with Associated Points

CHANNEL POINT
NO. NAME TYPE UNIT SYSTEM NO., XLOC YLOC 2LocC NAME
1 WAVEHT DSP FEET EARTH o] .00 0 0 Origin (LCG, CL, WP)
2 SWAY DSP FEE1 EARTH ] .00 .0 .0 Origin (LCG, CL, WP)
3 HEAVE DSP FEET EARTH (¢} .00 .0 .0 oOrigin (LCG, CL, WP)
4 ROLL ANG DEG EARTH (o} .00 0 .0 Origin (LCG, CL, WP)
S PICCH ANG DEG EARTH 0 .00 0 .0 origin (LCG, CL, WP)
SELECTIONS
1. Help 4. Add a new channel
2. Show adgditional channels 5. Delete a channel
! 3. Modify an existing channel 6. Exit this menu

Enter selection no ? 2

Fig. 30. ACTH prograin channel selection menu.

EDIT ACTH input menu (Figure 26) option 5, Select STH Runs, selects the STH
runs to use when calculating the ACTH time histories. Figure 36 shows the Select STH
runs menu. This is the same method of selecting sea conditions used with the STH
editor. PREDICT gets the shi;:/sea conditions from current ship subdirectory. The
desired ship/sea conditions are flagged (+) and the undesired ones unflagged. ACTH
runs will be made for whichever STH runs match the flagged sea conditions. When
fiagging or unflagging. enter the number exactly as shown on the screen, sncluding
decinal point and separate with a comma. For example. to flag. enter 30.0,F.

The output can be either binary or ASCII in Option 6 of the EDIT ACTH main

menu (Tigure 26). The default outpur format is binary.

EDIT ACTH main menu (Figure 26) Option 7, Exit this menu, brings up the
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ACTH PROGRAM . - Mbdify existing channel
CHANNEL POINT

NO. NAME TYPE UNIT SYSTEM NO. XLoc YIRC 2loC NAME

1 WAVEHT DSP FEET EARTH 0 +00 .0 .0 Origin (LCG, CL, WP)
2 SWAY DSP FEET EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)
3 HEAVE DSP FEET EARTH 0 .00 .0 .0 origin (LCG, CL, WP)
4 ROLL ANG DEG EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)
5 PITCH ANG DEG EARTH 0 .00 0 .0 Origin (LCG, CL, WP)
6 YAW ANG DEG EARTH 0 .00 .0 .0 Origin (LCG, CL, WP)
7 VERT ANG DEG EARTH 2 16.00 .0 70.0 HELO DECK BULLSEYE

Enter no. of channel you want to modify. Type 0 to quit ? 7

Fig. 31. ACTH program modify existing channel menu.

ACTH PROGRAM -~ Modify existing channel
CHANNEL POINT
NO. NAME TYPE UNIT SYSTEM NO. XLocC YLoC ZlocC NAME
7 VERT ANG DEG EARTH 2 16.00 .0 70.0 HELO DECK BULLSEYE

Channel selection

1. Wave height (Origin) 6. Forces at a Point

2. Origin motion 7. Tocal Force Ratio, TFR

J. Motiong at a Point 8. TFR Estimator, TFE

4. Relative motion 9. TFR Angle, TFRDIR

5. Wave height at a Point 10. Morizontal Force Angle, HPDIR

11. Exit this menu

ME N $u an ll!l~ Ey BN S GEF W

Enter selection numnber ? 3

—

-,

I Fig. 320 Modify existing channel submenu - ACTH channel selection menu.



ACTH PROGRAM - Point Selection

Current Point = 2 : NAME = HELO DECK BULLSEYE

Point Reference Sy tem Point Description
XLOC ~ station number NO. XILOC YIoc 2L0C NAME
(0=FP, 10mMIDSHIP, 20=AP) 1 20.10 +~1S5.,0 40.0 BOOM TIP UP
YLOC - pos. to port 2 16.00 .0 70.0 HELO DECK BULLSEYE

from centerline
2L0C - pos. up from baseline

Enter no. of point you want to use ? 1

Fig. 33. Modify existing channel submenu - ACTH program point selection menu.

ACTH PROGRAM <~ Modify existing channel

CHANNEL POINT
NO. HNMME TYPE UNIT SYSTEM NO. XLOC YLoC zLoc NAME
7 LONG DSP FEET EARTH 1 20,10 -15.0 40.0 BOOM TIP UP

Channe] selection - Motion at a point

1. Longitudinal (default)
2. latera)
J. Vertaical

Enter selection number ? 3

Fig. 34, Modify existing channel submenu - ACTIH program motion at a
point mode mem.
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ACTH PROGRAM - Modify existing channel
CHANNEL POINT L
NO. NAME TYPE UNIT SYSTEM NO. XLOC YLOC 2LOC NAME
7 VERT DSP FEET EARTH 1 20,10 <-15.C 40.0 BOOM TIP UP

Channel type selection
1. Displacement (default)
2. Velocity
3. Acceleration

Enter selection number ? 3

Fig. 35. Modify existing channel submenu - ACTH program response selec-
tion menu.

ACTH PROGCRAM - Select STH runs

Current Ship = DD965

Runs are selected by
flagging (*) cpecifaic Ship/Sea Conditions
Ship/Sea conditions | SPEEDS HEADINGS SIGWH MODAL WP
10 (*) 0 (*) 6.2 (*) 7 (%)
--------------------------- 20 () 90 (+ 9 (*)

1. All conditions !
2. Speeds |
J. Headings !
4. Signif. wave hcights |
S. Modal wave periods

6. Exit this menu i

Enter selection no ?

Fig. 36. ACTH program STH run selection menu.



same series of questions as exiting STHEDIT (Figure 23), i.e. whether to number the

runs consecutively and whether to accept the input file. The input file can be edited

~ using Norton™ Editor from within PREDICT, or outside of PREDICT altogether.

The files STH\ACTH.INP, STHAM.INP, and DD965H.INP are updated at this point and
the user returns to the STHAM main menu, Figure 19.

Running ACTH

Select STHAM main menu (Figure 19) option 10, Run ACTH (Mot/vel/acc at
a point), to run ACTH with the current ship and input file. ACTH writes progress
reports to the screen and DR=.TEX, and to the ACTH run summary file, TRIALLOG.TEX,
while it runs. The output files DR1.x and DR2.#' are written to the COLLECT data
directory and SPRoot Variant subdirectory, DATA\SPDDY65H.

ACTH runs very quickly, on the order of 1 minute per condition and, when through,
returns to the STHAM main menu. If an ACTH run fails to finish, viewing ERROR.TEX,

STHAM main menu (Figure 19) option 11, can provide clues as to why.

DATA ANALYSIS AND PLOTS

Choosing STH main menu (Figure 19) option 12, or PREDICT main menu (Fig-
ure 8) option 3, generates ACTH motion at a point time history plots on the terminal
screen or to a printer. In cither case. the plotting process and menus are the same
regardless of starting point. The plot feature has two submenus, Figures 37 and 38.
Tables 13 and 15, respectively, give a bricl description of the submenus’ options. Data
Analysis and Plots (COLLECT), page 25 explains the menu choices more fully.

It may be necessary to change the DATA directory or the curtent TRIAL subdi-
rectory using options 2 o1 3 to sclect the desired runs: however, it is not necessary for
this example. Other changes 1o data paths are made using option 1. which modifies
COMPSYS . TEX with the same procedure used to modify SMPSYS.TEX and STHSYS.TEX.

C'hoose submenu option 4, Figure 37. Get new run toselect the run to plot from the

hst of available runs in the current TRIAL subdirectory, Figure 39. Yor the example,

"The asterish 15 a wili card for the vanous output extensions. For ACTH, they are ASC, CON,
TCX, and INT.




DATALOG DATA ANALYSIS AND PLOTTING MENU

Current DATA Analysis Path = D: \DATA\SPDD965H

Current DATA Run = 1

List of Options

1. Computer System Specification
2. Change DATA Analysis drive

3. Change TRIAL

4. Get new run

5. Plot data

Enter Option ?

Fig. 37. CLTMAIN main menu.

DATALOG PLOT

RUN NUMBER = 2 GRAPH TYPE = SPLOT
START TIME = 01115zL MAR93 NPCHAN = 3
RUN TIME = 1200.0 SEC PLOT TIME = 0.0 TO 120.0
PCH NAME UNITS MEAN STDDEV PEAK YMAX YMIN
1 WAVEHT DSP FEET 0.00 1.51 -5.08 1.00 -1.00
2 SWAY DSP FEET -0.00 0.8B¢€ 2.61 1.00 -1.00
J HEAVE DsSP FEET 0.00 1.50 4.55 1.00 ~1.00
PROGRAM OPTIONS
1 HELP S CHAKGE Y=SCALE 9 DISPLAY DATA
2 GET RUN 6 CHANGE X-INCRMT 10 DISPLAY TEXT FILE
3 EDIT CHANNELS 7 TIME 11 EXIT
4 GRAPH TYPE & PLOT DATA

Enter option ?

SEC

YINC
1.0¢
1.0¢
1.0

Fig. 33. Datalog plot menu.




GET NEW RUN

Current DATA Analysis path =  D:\DATA\SPDD965H

D:\STH
DR1 .INT DR2 . INT
91207680 Bytes free

Enter run number ? 2

Fig. 39. Get new ACTH run menu.

chose the second run to plot.

To plot the dats, the user selects option 5, Plot data. This brings up the DATALOG
PLOT menu, Figure 38.

For example, plot the last 600 seconds of the wave height, heave, and boom tip
vertical acceleration channels. Choose option 3, Edit channels, and select the desired
channels from the complete channel list by typing their line numbers, Figure 40. Time,

option 7, allows the user to enter a new begin and end time, Figure 41.

S MR CHANNELS

1 = WAVEHT DSP 7 = VERT ACC
2 = SWAY DsP
3 = HEAVE DsSP
4 = ROTY, ANG
$ = PITCH ANG
6 = YAW ANG

GRAPH TYPE

SPLOT (3 channels maximum)

Enter no of channels to plot ? 3
Enter 3 channel numbers (one per line)
Enter '+' or '~'to scroll available channels ferward or backwards

SV IRV AN |
~Nuow

Fig. 40. Datalog plot - edit channels submenu.

After changing the time, enter 8 to PLOT DATA. Should the plotting scales be inap-
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SELECT START AND STOP TIMES

Run time is 1200.0 seconds

Current plot time is .0 to 1200.0 saconds

En-er new plot start and stop times in seconds ? 600., 1200.

L 2

Fig. 41. Datalog plot - time subscreen.

SET Y SCALES |

PCH NAME UNITS MEAN STDEV PEAK YMAX YMIN YINC
N 1 WAVEHT DSP FEET 0.00 1.51 -5.08 6.00 -6.00 6.00
N 2 HEAVE DSP FEET 0.00 1.50 4.55 5.00 =5.00 5.00
N 3 PITCH ANG DEG -0.00 0.11 -0.36 0.40 ~0.40 0.40
N 4 VERT Acc G-5 -0.00 0.05 0.17 0.20 ~0.20 0.20
N 5 ROLL ANG DEG 0.00 0.23 -0.74 0.80 -0.80 0.80
N 6 SWAY DSP FEET -0.00 0.86 2.61 3.00 - 00 3.00

LIST OF OPTIONS

TG T e

To change plot channel scales enter either:
N for nice number scales for all plot channels
Plot channel number, N for nice number scales for a plot channel
Plot channel nunber, YMAX, YMIN and YINC to select manual scales
0 to Exit

?20

Fig. 42. Sel Y scales menu.




propr{ate, return to the DATALOG PLOT menu and choose option 5, CHANGE Y SCALE.
The CHARGE Y SCALE screen, Figure 42, has instructions detailing the various methods
of scaling. Entering N (nice number scales) causes the Y scale to be autoscaled for
the selected channels and is sufficient for most cases. Plotting the data again yields
Figure 43. Currently, the plotting capability is ¢ mazimum of 16 channels with 3,600

data points per channel, or 20 minutes at § samples per second.

Ship Code = DD965S Run = 2

3 HEARVE  DSP (FEET)
5'0 o v A

llll:.I: Alli..li..alll'u. ) llI]JJ al Lt A0 A0 Nan AR JOA R S AR A DL o 4R 870N
ol AR R A R R At R

-5.0 A — s 1

-y

S PITCH ANG (DEC)

R RCL  (G-S)

Wl unn‘umnu

900.0
1IrE IN SEC

e _ _ |

Fig. 43. Example time history plot of data.

To exit PREDICT and return to DOS. the user simply selects Exit this menu

whenever possible.

CONCLUDING REMARKS

Using PREDICT. the applications manager described in this report, it is possible to

generate both frequency and time domain ship motion output from a single ship input
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file. Abso'ute or relative motion at a point time histories can be developed. The time

haistories could be used as input, representing realistic ship motion, for other system

- models.

This report also provides the source code to SMP93-PC, and the appropriate list
of references that fully document the Standard Ship Motion Program, the Simulated
Time History Program, and the Access Time History Program.
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APPENDIX A: STANDARD SHIP MOTION PROGRAM - PC

This appendix has a listing of the Navy Standard Ship Motion Program PC (SMP93-
PC) version. The SMP version used as the baseline for the personal computer (PC)
version is SMP84 which is fully documented in References 1 and 2. The theory and
calculation methods are the same between the CDC, VAX, and PC versions.

The PC version is coded in Lahey Fortran and makes extensive use of overlays. The
main differences between SMP84 and SMP93-PC are: an extra frequency range for
response calculations, an “ORG file only” run option, and splitting the SPL file into a
SPD and SPT file. Other differences involve differences between Fortran brands and
in overlaying. Binary files from the CDC, VAX and PC are not interchangeable, due

to differences in binary structure between machines, not due to differences between the

program versions.

EXTRA FREQUENCY RANGE

The extra frequency range is especially tailored for small craft response and used
when the roll period is less than or equal to nine seconds. The extra frequency set,
FREQ3, was added in subroutine READ. The new frequency set is: 0.2, 0.3, 0.4, 0.5,
0.55. 0.575, 0.6, 0.625, 0.63, 0.675. 0.7. 0.725, 0.75, 0.775, 0.8, 0.825, 0.85, 0.875, 0.9,
0.95.1.0, 1.1, 1.2, 1.3, 1.5, 1.8, 2.0, 2.5, 3.0, 3.5. and 4.0

ORG STOP AND START OPTION

With this option activated. SMP93-PC can either stop after generating the ORG
file or it can start using an existing ORG file. This provides a time saving if only the
ORG file is wanted. OPTN must be either 4 or 5 to start using an existing ORG file.
SMPEDIT has this option available

The flag. ORGOPTN. was added to Data Card Set 2, Program Options, as the

seventh variable occupying spaces 3G - 40. Possible values are:

= Normal run
= Stop after generating ORG file
= Start with existing ORG file (OPTN=4 or )

o - o
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SPLITTING SPL FILE

The unformatted SPL file was split into two files: a formatted SPT file and an

unformatted SPD file. This was a minor change done to avoid memory problems. The

SPT file has the speeds, headings, and response names and data. The SPD file has the
RVS/T,. table data.




APPENDIX B: PREDICT OVERVIEW

While PREDICT is designed to shield the user from the LOS directory and file
strycture, some knbwledge of it is useful during installation and when choosing values
for system specifications. Also understanding the file naming conventions is important
to select the desired input file. The default directory names and path given here can
be changed using the system specification options or editing SMPSYS . TEX, STHSYS . TEX,
and/or COMFSYS.TEX.

SYSTEM REQUIREMENTS

PREDICT runs from DOS and is written in Microsoft™ Fortran 5.1 and uses Haio
Professional 92C for graphics capability. The memory requirements for the executables
are about: 1.6 MB in SMP divectory, 5.65 MB in STH directory, and 0.25 MB in COLOCT91.
On a 486DX/25+ MHz mackine, | sea state, 7 speed SMD run takes about 40 minutes:
a STH longcrested run takes about 1 minute per eordition, a STH shortcrested run
takes about 1C¢ minutes per cendition: and an ACTH run takes about 30 seconds per
condition.

ASCIll time history cutput files are availeble for use with in-hcuse graphics programs.
Appendix A documents the changes made to the CDC versior of SMP34 so it would

run on a personal computer.

PREDICT DIRECTORIES

BATFILE 1s a directory that has baich (BAT) hies for the applicetion. managers
ard should be added 10 the user’s path statement in AUTCEXEC.BAT. The batcii files
are: PREDICT.BAT, SMPAM.BAT. STHAM.BAT. and CLTAM BAT. They run the programs
PREDICT, SMPMAIN, and STHMAIN

There are also directories for the commerciel software, Tortran and Halo Profes
sional 929 ysed by PREDICT. The contents of those directories depends on the soft-
ware instaliation. Table 16 shows the default patus for the svstem specifications. Tig:
ure 1 shows the urganization of PREDICT ara the reiaticnship between the application

marnagers and the programs.




Table 16. Default paths for svstem specifications.

System specification Default path
Halo™ program path C:\HEPRO_FOR
Halo™ graphics screen driver | IBME
Halo™ oprinter driver EPSN
SMP program path D:\SMP
SMP input path D:\SMPINPUT
SMP output path D:\SMPOUTPT
SMP data path D' \SMPDATA
STH program path D:\STE
STH data path D:\STHDATA
COLLECT program patn D:\COLOCT91
COLLECT data path D:\DATA

SMPAM DIRECTORIES

There are four SMP related directeries whose default rameos are SMP, SMPINPUT,
SMPOUTPT, and SMPDATA. See Figure 44 for a description of tne SMPAM directory
tree. The directory SMP has all the executables for SMPAM and a BE™® subairectory
containing the on-line help files. Also in SMP are the scratch and data files for stoving
the current value of SMPANM vaiiibles. See Table 17 for a listing and description of
these files

SMPINPUT contains subdirectories that contain the SMP input files. Typically, these
subdirectories have descriptive names such as CARRIER or BOATS, and input files fitting
those descriptions are grouped together. These subdirectory names are known as the
Ship Type .t the systemn specifications. The input files have the root, variant, and cycle
number format with an INP extension.

The output from SMP is sphit into the remaining two direciories, SMPOUTPT and

SMPDATA4. Basically, SMPOUTPT has most cf the ASCIl] data and SMPDATA has the binary

data. Again, the data are actually located in subdirectories whose names reflect the

inj-ut file and path used in their creation. In SMPOUTPT, the subdirectory names are the




Table 17. SMP Applications Manager scratch and data files.

LFile name Description

_BFILES.INP Keeps track?which SMP outputﬁes to
save or delete.

DENSITY.DAT | Previous values for generating density plot.

POLAR.DAT Previous values for generating polar plot.

SHIPNAM.TEX | Directory listing of Ship Type subdirec-
tory; only INP extensions shown.

SHIPTYP.TEX | Directory listing of SMP input path direc-
tory; only directories shown.

SMPSYS.TEX Current path and ship for SMPAM.
‘TEMP .BAT BAT file to send user back to main menu.

Ship Types and have a direct correlation to SMPINPUT. The file names are the same as
in SMPINPUT except for the extension.

In SMPDATA, the subdirectory names are the roofs of the input files. Here the fil:
namies drop the cycle number. The SMP Applications Manager (SMPAM) creates the

output subdirectories automatically.

STHAM DIRECTORIES

The Simulated Time History Applications Manager has four directories, whose de-
fault names are: STH, SMPDATA, STHDATA, and DATA. The first two directories, STH and
SMPDATA. contain the input: STHDATA and DATA contain the output. Figure 45 shows the
default directory organization of the STHAM directories used by PREDICT. Figure 5
of Reference 3 shows another possible directory organization for use without PREDICT.

STH holds the executables fo- the application menu choices and various log and
scratch files. See Table 18 for a hist and description of the log and scratch files. SMPDATA
15 the same directory :ised by the SMPAM to store the binary SMP output used as inpu:
vy STH.

Both STHDATA and DATA have the same structure and are more fully described in

Referer.ce 3. pages 15-16.22. DATA v the COLLECT data path in the system specifi-
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Table 18. STH scratch and data files.

~ | File name I Description

CONFIG ACTH generic channel data

ERROR. TEX ACTH run time errors

RUN.TEX Contains run number and number of chan-
nels needed to write file configuration,
CONFIG

SHIPNAM.TEX | Directory listing of Ship Type subdirec-
tory; only INP extensions shown.

SHIPTYP.TEX | Directory listing of SMP input path direc-
tory; only directories shown.

STHSYS.TEX | Current paths and ship for STHAM.

STHAM.INP Generic name for ship dependent STHAM
input file.

TEMP.BAT BAT file to send user back to main menu.

cations despite the fact it contains ACTH output. The daia for various ships are in
subdirectories with names based on the SMP ship origin transfer function file. STHDATA
subdirectory names have the form SORoot Variant, e.g. SODD965H. The output file
names are SRN.TEX and SRN.DAT, where N is the run number. Table 19 gives a list of
the type of data the files contain.

DATA subdirectory names have the form SPRoot Variant, e.g. SPDD965H. The output
file names are DRN.INT, DRN.CON. DRN.ASC, and DRN.TEX, where N is the run number.
Table 19 gives a list of the type of data the files contain.

PLOTTING DIRECTORIES

The plotting programs are spread between two directories SMP and COLOCTS1. HULLPLOT
and POLAREGA are in SMP and CLTMAIN and DLPLOT are in COLOCT91.

HULLPLOT reads the HPL for data. POLAREGA reads the SPD, SPT, POLAR.DAT,
and DENSITY.DAT. The HPL, SPD, and SPT files are SMP93-PC output. POLAR.DAT

and DENSITY.DAT contain the prrameters from the last plot to use as defaults for the

current polar or density plots.
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— ROOT DIRECTORY

—SMP ————

—SMPINPUT

—SMPOUTPT
O—

LSMPDATA
L

SMPMAIN.EXE
SMPHST .EXE
SMPEDIT.EXE
SMP.EXE
HULLPLOT.EXE
POLAREGA.EXE

HELP
l*.HLP (15 files)

SMPSYS . TEX
SHIPNAM.TEX
SHIPTYP.TEX
BFILES.INP
POLAR.DAT
DENSITY.DAT

DESTROYR
lDDQGSHG.INP

DESTROYR

pDY965 —

DD965H6 . TEX
DDS65H6 .0UT
DDS65 . TLT
HSTAT.TEX

DD965H . ORG
DD965H . HPL
DD965H .SPD
DD965H .SPT

Fig. 44. SM1 applications manager directory structure.




— ROOT DIRECTDRY

— STH ,
| ACTH.EXE
ACTHED™T.EXE
STH.EXE
STHMAIN.EXE
| WRTASC2.EXE

‘e—————— HELP

— STHDATA
L——— s50DD96SH

—DATA

— SMPDATA
L———— DD3€S

— COLOCT3:

PREDMAIN .EXE
CLTHMALIN .EXE
DLFLOT .EXE
COMPSYS . TEX

l— ——————— SPDD965H —r

ACTH.INP ERROR.TEX
STH.INP RUN.TEX
STHAM.INP STHSYS.TEX
DD965H . INP SHIPNAM.TEX

SHIPTYP.TEX

« HLP (18 files)

SRN . TEX
SRN.DAT
STHLOG.TEX

DRN.INT
DRN.CON
DRAN.ASC
DRN.TEX
TRIALLOG.TEX
CONFIC

ANALYSIS

RTPLOT.CAT

DD96SKE . ORG

Fig. 45. STH applications manager directory structure.
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Table 19. STH file names and descriptions.

. File name I Description l Tpr
SRN.TEX STH output echoing run parameters and ASCII |
screen output
SRN.DAT STH tirne history output Binary
STHLOG.TEX STH run log summary file ASCII
DRN.INT ACTH time history output Binary
DRN.CON ACTH file to store run dependent CON- | Binary
FIG data
DRN.ASC ACTH time history output ASCII
DRN.TEX ACTH output echoing run parameters and | ASCII
screen output
| TRIALLOG . TEX ACTH run log summary file ASCII

CLTMAIN reads the ACTH output file, . INT. for data. It also uses COMPSYS.TEY.
to determine path, directory, and current ship data. This file is also updated auto-
matically by PREDICT when the current ship is changed. CLTMAIN is the driver for
DLPLOT.

DLPLOT plots data from runs selected in CLTMAIN according to the plot definition
selected within DLPLOT. RTPLOT.TEX has plot definition data from the previous plot
for Datalog plots. RTPLOT.TEX is in the SPRoot Variant\ANALYSIS subdirectory. This

file and subdirectory is created automatically when entering CLTMAIN.

Printers

The graphics programs POLAREGA and DLPLOT support a limited number of
printers. They are: HP LaserJet™ 11 and I11. HP Paintjet™, HP Deskjet™. Epson.
Okidata, Gemini, and IBM Proprinter™™. To support other printers, modify the PAR-
RAY array values in POLARLEGA and DLPLOT. recompile, and link. Values for the

printer array, PARRAY'. are in the Halo™ reference manuals®.
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| APPENDIX C: STHAM SHIP DEPENDENT INPUT FILE

PREDICT allows switching between different ships while running, and STH and
ACTH both use input from generically named input files, STH.INP and ACTH.INP.
Furthermore, STH and ACTH have some, but not all, dats in common. To get around
this naming and data problem, PREDICT uses a ship-dependent input file that stores
all the data required for STH and ACTH runs. PREDICT copies the ship dependent
file to STHAM.INP and uses the paths and file names from this file as the current values,
overriding the data in STASYS.TEX. Then PREDICT simply extracts the required STH
or ACTH data to use as starting points when editing or creating the generic input files,
STH.INP and ACTH.INP.

The ship dependent input file name follows the Root Variant.INP convention, e.g.
DD96SH.INP. They are located in the STH data path directory, e.g. STH.

When editing STH.INP to remove unwanted sea conditions outside PREDICT, the
current ship-dependent input file and STHAM.INP should also be edited to match tie
sea conditions in STH.INP. PREDICT updates these files automatically when edited
from within PREDAM.

The format of these files i1s easv to understand, as each line has a commented ex-
planation at the end of the file. The file has three main data blocks. The first gives
data that PREDICT uses to find other files and to assign run numbers for STH and
ACTI output files. The second block has the STH data, from sample rate to the point
locations. The third block has the ACTH data, from wave points to flagged conditions.
The wave and motion pomt data are held in common between STH and ACTIH. As a
rule. the flagged ACTH conditions should be a subset of the available STH conditions.

Although casy to follow . the placement of text and numbers is important. Otherwise.
the file cannot be read correctly and will be useless. Figure 46 shows the format of the

ship-dependent input file. The line contaming numbers from 0 to 9 is not part of the

file and is included i thos figure as i spacing aid.




123456769031234567890123456789012345678901234567089012345678901234567890EXTRA
SH1P TYPE=DESTROYR

SHIP=DD9ES

VARIANT=H

CYCLE=§

TITLE=DD965 SPIP STABILIZATION STUDY ARMORED TRIMMED RRS STAB 9/23/88

OUTPUT= 1

NEXT ACTH RUN= 1
NO OF ACTH RUN§= 2

NEXT STH RUNe )
NO OF STH RUNS= 8

SAMPLE RATEe 4
START TIME= 0
STOP TIME= 1200
STATISTIC= 2
SEA TYPE®LC

NO OF SPEEDS= 2

NO OF HEADINCS= 2

NO OF SIGNIFICANT WAVE HEIGHTS= 1
NO OF MODAL WAVE PERIODS= 2

SPEELS= 20, 10
HEADNCS= 90, 0
SIGWH= 6.2
TMODAL= 8, 7

KO OF WAVE POINTS=~ O

KO OF POINTSe )
POINT 1 XLOC» 20,1 YLOC= -15.¢C ZLOCe 40.0 NAME=BOOM TI1P UP

110 OF CHANNELSe 7
List of Channels with Associated Points

CHANNEL POINT

NO. NAME  TYPE UNIT SYSTEM NO. XLOC  YLOC ILOC NAME

1 WAVEHT DSP FEET EARTH 0 0.00 0.0 0.0 origin (LCG, CL.
2 SWAY DSP TEET EARTH 0 0.00 0.0 0.0 oOrigin {LCG, CL,
J  HEAVE 13 4 FEET EARTH ¢ 0.00 0.0 0.0 Origin {(LCG, CL,
4 ROLL  ANG DEG  ZARTH ¢ 0.00 0.0 0.0 Origin (LCG, CL,
S PITCH ANG DEGC  EARTH ¢ 0.00 0.0 0.0 oOrigin (LCG, CL,
6 YAW ANG o] 4+ EARTH ¢ 0.00 0.0 0.0 Origin (LCG, CL,
7  VERT ACC  GC-S EARTH 1 20,10 -15.0 40.C BOOM TIP UP

KO OF FLAGGED SPEEDS= 2

O OF FLAGGED KEADINGS= 2

5O OF FLAGGED SICNIFICAKRT WAVE HEICKTS= |
LO CF FLAGGED MODAL WAVE PERIODS~ 2

TLACGED CONDITIONS

SPLEDS» 10, 20

HEADNGS= O, 90

SICWHe 6.2

THOOALe 7, 9
123456789012234567089012345678901234567890123456789012345678901234567890EXTRA

WP)
wP)
WP)
WP)
wWP)
WP

16. Ship dependent input file format for time history applications manager.




APPENDIX D: SMP93-PC SOURCE CODE LISTING

This appendix is a listing of the source code similar, but not identical, to Appendix I

" of Reference 1.

C SMP93 PROGRAM LIBRARY -

* PROGRAM SMPO3

- Standard Ship Motion Program (SMP93)
. for Personal Computers

» Oporatinﬁ system MS-DOS Version 4.01
» FORTRAN 77 using Lahey Fortran

L 3

Overlay linking using PLINKE86

= Hull plot and Speed Polar plots
- done in separate programs
. using HALO graphics language

C SUBROUTINE LIST
-

C DECK ACTFIN =~ active fins
SUBROUTINE ACTFIN (IV,ZERO,V,OMGE,OMGE2,TAF)

COMMOK /APPEND/ NBKSET,WBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
BKHD§2).BKSTN(IO.?).BKHB(10,2).BKLNTH BKWDTH,

BKWL(10 2),BKAN(10.2).NSKSET,SKIHAG(25.SKFLS(2).SKALS(2).
SKAUS(2) ,SKHB(2) SKFLHL(2),SKALHLE2),SKAUUL§2),NRDSET.RDIHAG(Z)
RDRFS§2 RDRAS (2} ,RDRHB(2) . RDRFWL 2) ,RDRAWL 2).RDTFS§2§.RDTAS(2
RDTRB(2) ,RDTFWL(2} RDTAWL(2),NSBSET,SBIMAG(2),SOBRFS(2),SOBRAS(
,SOBRHB§2§.SOBRFH§2S.SOBRAU(?).SIBRFS(2).SIBRAS(Z),SIBRHB(2).

§
2§
SIBRFW(2),SIBRAW(2) .SBTFS(2),SBTAS(2) ,SBTHB(2) ,SBTFWL(2),

SBTAWL(2) .NFNSET,FNIMAG(2) FNRFS(2).FNRAS(2),

FNRHB(2) FNRFWL(2) ,FNPAWL(2) FNTFS(2) ,FNTAS(2) ,FRTHB(2),
FNTFWL(2),FRTAWL(2) ,NEXPRD,ENRDO(8) ,ENRDS(8)

COMMON /FIRCON/ IACTFN,IFCLCS,FGAIN(8),FK(3),FA(3),FB(3),
FCLCS(8,2)

[SESESTNYSESENINYNY N

»

COMMON /PRYSCO/ 11,TPI,P1,PIOT.DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RBO.GNU,REOS ,RHOF ,GNUS , GNUF ,FTMETR,PUNITS,REYSCL

COMPLEX II

CHARACTER®4 PUNITS(2)

REAL TPI,PI ,PIOT,DEGRAD,RADDEG,VKMETR ,METRVK,GRAV,RRO,GKU,RHOS,
1 RHOF,GNUS,GKUF ,FTHETR

COMMON /RLDBK/ PSUR(25),BMK(25).DK(25),CAK(25) HQ,HSPAN,HMNCHD,
HAREA ,RXCP RYCP HZCP HGAMMA,HYHAT HEAR HLCS RG{2) RSPAN(2),
RMNCHD(2) ,RAREA{2) ,RXCP(2) ,RYCP( 2 ,RZCP(2) ,RGAMMA(2) ,RYHAT(2)
nsAn§2g.nLc:;2§.so(2>,sspAn<2>.snucno(z).SAaEA(z) SXCP(2),
SYCF(2),S2ZCt.2) .5GAMMA(2) ,SYHAT(2) ,SEAR(2),SLCS (25 8Q(2).
BSPAN(2},BMNCAD(2) . BAREA(2) ,BXCP(2},BYCP(2) BZCP (2}, BGAMMA(2)
BYHAT(2),BEAR(2).BLCS(2) .FO(2) FSPAN(2) ,FMKCHD(2) FAREA}Qg,
FXCP(2),FYCP(2) ,F2CP(2) , FGAM4A{2) .FYHAT(2) ,FEAR(2),FLCS(2)"
PO(2,2),PSPAN(2,2) ,PUNCHD(2,2) ,PAREA(2,2) ,PXCP(2,2) PYCP(2.2),
PZCP(2,2),PGANMA(2.2) ,PYHAT(2,2) . PEAR(2,2} PLCS(2.2} .

STADMP (10}, SHPDMP(10,8) ,ENCON .WPAI,TPHI .WMELM (4.6, SFELM(4.0,8)
REELM(4,9,8) ,PEELM(4.9,8) FEELM(4.9,8) ,HEELM(4,9.8) . BEELM(4.9,8),
ENWH,ENSF(8,8) ,ENRE(8) .ENPE(8) ,ENFE(8) .ENHE(8) .ENBE(S),
ENEMV(8,8) ,ENRL(8) ,ENPL(8) ,ENFL(8) ,ENHL(8), ENSL(8),ENBL(8),
ENSHP(8,8) ,RELN(4,8),ITS(25),RD(25),EDDY(8.25),RGB(25)

[ 8]
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10

REAL RDBLX(2662)

BQUIVALENCE (PSUR(1),RDBLX(1))
COMPLEX TAF(3),FGC,CTERN,ZERO

‘DO 10 Isi,

TAF(I) = zano

CONTINUE

FGC = ((FK§ ;-ouczz-rx(s))+11oonczorx(2))/((( A

IToOMGEeFA(2))* ((FB(1)-0OMGE2#*FB(3) )+II*0ONGE*FB(

DO 30 K=31 ,NFNSET

XCP = FXCP(K)

ARM = - FMNCED(K)/6

YBAT = FYBAT(K)

AP = PIsREO*FSPAN(K)* (FMNCHD(K)/2)w%*2

TEMP = FLCS(K)

IF (IFCLCS .EQ. 1) TEMP = FCLCS(IV,K)

FZ = (REO/2)*FAREA(K)*TEMP

SIKGAM = SIlgFGAHHA(K)*DEGRAD)

grznnle FGCo (ARM®APsOMGE2-I1*0MGE» (ARMeFZ-3¢AP) #V+FZaVaV)
1 =

IF (FNIMAG(K) .

(1;-0ncsz-FA(3))+
2)))

. SIN(120-GAMMA)= SII GAHHA) FOR FIN OR STBD SIDE

20
30

C DECK

10

20
30

C DECK

2

o,

2
P

DO 20 M=1,M1

TAF 1; = TAF 1) - SINGAM«CTERM
TAF(2) = TAF(2) + YRAT*CTERM
TAF(3) = TAF(3) - SINGAM*XCP+CTERM
CORTINUE

CONTIKUE

RETURK
END

ADRES

SUBROUTINE ADRES (NL,NU,MOTV,MOTL,RJV,BJL,E7,RAO1,PES1,RAC2,PHS2,

OMEGA,NMOT,NPLAKE ,NOMEGA ,RADDEG,COSMU RHD, IPHS)

COMPLEX MOTV(NMOT ,NOMEGA),MOTL(NMOT ,NOMEGA) ,HIV(NMOT ,NOMEGA) ,
RJL(NMOT ,NOMEGA ) ,B7(MOMEGA) , ARES , TEMPL

DIMENSION RAO3 (NOMEGA) ,PES1(NOMEGA) ,RAD2(ROMEGA) ,PHS2(NOMEGA),
OMEGA(NOMEGA)

DO 30 I=NL,KU

DO 20 J=1,HPLANE

ARES = B7(I)

DO 10 K=1,RMOT

TEMPL = MOTL(N,I)

IF (J .EQ. 2) MOTL(X,I) = - MOTL(N,I)

ARES = ARES + MOTV(N,I)eHIV(N,I1) + MOTL(K,1)*HJL(K,I)
MOTL(F,I) = TEMPL

CONTIRUE

TEMP = - 0. SORHO'OHEGA(I\OCOSHUOAIHAG(ARES)

IF () .EQ. 1) BAQ:(I) = TEMP

IF (] EQ. 2) RAO2(1) = TEMP

IF (IPRS.EQ.1 .AND. J.EZ 1) PHSI(I)
IF (IPRS.EQ.1 .ASD. J.ES.J) PHSU(D)
CONTINUE

CONTINUE

RETURK
END

AINPUT
SUBROUTINE AINPUT

COMMON /ID/ SYSFIL,POTFIL, COFFIL,LCOFIL,ICARD,TEXFIL,1PRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL RAOFIL ,RMSFIL, SEVFIL, SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL, COFFIu LCOFIL,ICARD, TEXFIL, IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL RAOFIu,RHSFIL SEVFIL, SPDFIL,
SPTFIL.LACFIL,LAEFIL

s Q.
= 0

L
i
i
'
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!
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!
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!
i




ST

10

1000
P

1010
1020

COMMON /SNPSYS/ FIS,AS,SIS,S0S,SDS,BALOS,DEV,PRN, SMPPS,SNPIS,
SMPOS,SMPDS,SHPTYPS,SRIPS,VARS,CYCLS, TITLES,OPTION,LSIS,LSOS,
LSDS LEALOgiégEV.LPRI.LSHPPS.LSHPIS.LSHPOS.LSHPDS.LSEPTYPS,

) LSHIPS,LTI

"CHARACTER#160 AS

CHARACTER+80 FIS,SIS,S0S,SDS,TITLES

CHARACTER#20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SHPTYPS
CRARACTER SBIPS#6,VARS*2,CYCLSe2

INTEGER«2 OPTION

CHARACTER*4 ALINE(20)

FIS = SIS(1:LS1S)//’'.IKP’
OPEN (UNIT=ICARD,FILE=FIS,STATUS='0OLD’)

Leo0
L=L+1
IF (MOD(L,50) .EQ. 1) WRITE (IPRIN,1000) (I,I=1,8)
FORMAT (1H1,42X,21BEINPUT C A R D S//50X,8HCOLUNN/8X,
11)/88 CARD ,8(10B1234567890)/)

gxcaan.xoxo) ALINE

IPRIN,1020) L,ALINE

FORMAT 22OA45
FORMAT (1X,I4,3X,20A4)
IF (ALINE(1) .ME. *STOP') GO TO 10

CLOSE (URIT=ICARD)

RETURN
END

C DECK ALAG

-
8

FUNCTIOR ALAG(X)

this funcrion sets ALOG(X)=0 when x39

IF (X ,LE. 1. E-08) GO TO 7
ALAG=ALOG(X)

GO TO 8

ALAG=0.

RETURN
ERD

C DECK ALGRNG

20

30

SUBROUTINE ALGRNC (¥ ,W,S,AREA)

This subroutine computes the area under the curve for a particular
spectrum. An odd number of points (frequencies) should be used.

DIMENSION W(N),S(¥)

MN=N-2

AREA=0.

TEMP = 0.

DO 20 M=1,MN,2

A=V§H42)°U(HS

B=W(Me2)=W(Me1)

C=W(Ne1) =V (M)

PAREA = A®A/6 o (S(M1e(3. eC-A)/(AeC)4S(M+1)®A/(BeC)+
S(Me2)e(2.2A-3.9C)/(A®B))
TEMP = PAREA

IF (PAREA .LT. 0.) TEMP = O.
AREA = AREA + TEMP

CONTINUE

IF (MOD(N,2) ~5?. 1) 60 TO 30
DELV = ugl) - w(m-1)

DELS = S(R) ~ S(¥-1)
AREA = AREA + S(N-1)eDELW ¢ . 5eDELSeDELW
CONTINUE



AREA = ABS(AREAL)

RETURN
END

'C DECK AMD -
SUBROUTINE AMD (OMEGAE,TELEM,TV,TL)

. gg;ﬁcxs ZERO-SPEED ADDED MASS AND DAMPING AND ADDS FORVARD SPEED
. S

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINNU,COSMU,WTSI,
2 IMMIE,IMMAX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ERVIOR/ VE,KVK,MU,NMU,OMEGA,NONEGA,SIGMA ,NSIGMA,SIGWH,
NSIGWE,TMODAL ,NTMOD, NRANG.RANG,RLANG,S, NNMU FRNUM,VES

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWEH,NTMOD,NRANG,NNNU(8)

REAL vx(s),uu237.a).oach(ao).srcuA(ao) SIGWH(4) ,TMODAL(8),

2 RANG(8) ,RLANG(B).S(30,8) ,FRNUN(8),VFsS(8}

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GRU,RBOS ,RBOF,GRUS,GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX II

CBARACTER®4 PUNITS(2)

REAL TP1,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RRO,GNU,RHOS,
1 RHOF,GNUS,GNUF ,FTMETR

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL

COMPLEX TELEM(4,5,10)
COMPLEX T3D(10),TV(3,3),TL(3,3)
DIMENSION LDX(6,6)

DATA ((LDX(I,J),)=
/4, 0, 0, ©

’ 8' ol 8
v 0, 2, 0
,» -8, 0, 6
. 0
. 0

e

[\

6).1=1,€)

1
0, -4,
-9, 0,-1

DO 20 L=1,10
T3p(L) = {0.0,0.0)
20 CONTINUE
DO 40 L=LMIN,LMAX
DO 30 K=1,4
TAD(L) = T3D(L) + WTSI(K)eTELEM(K,ISIGKA,L)
30 CONTINUE
40 CONTINUE
IF(.NOT.VRT) GO TO 3
DO 1 1e1,3
IDX=2e]-1
DO 2 J=3,3
JDX=2e3-1
L=LDX(IDX,JDX)
IF(L.EQ.05 TV(I,)1s(0.¢.C.0)
IF%L.GT.O) TVEI.J)-TSD(L\
IFCL.LT.0) TV(I.))sIV(:.I)
CORTINUE
CONTINUE
TV%:,B)-TV(2,3)4voTV(2,
TV(3.2)2TV(3.2)-VeTV (2,
TV$3.3)¢TV(3.3)0V‘V-1V(
IF(.NOT.LAT) GO 10 6
3 CONTINUE
DO 4 1I¢1,3
IDX=2e1
DO b J=1,3
JDX=2e]

L R R

1
0
0
4
0
3
0

~NOOO®O-

1=
/

- )

2)/(I1eOMEGAE)
2)/(I1e0OMEGAE)
2,2)/0MEGAE»e2




L=aLDX(IDX

JOX)
IF&L.EQ.O TL(1,1)=(0.0,0.0)
IF(L.GT.0 TLEI,J =T30(L)
O IF(L.LT.0) TL(I,DeTL(J,D)
s B . CONTINUE : :
4 CONTINUE -
TL(1,3)e Ex.a -VeTL 1.1;/ IT#OMEGAE)
TL(2.30=TL(2.3)-VoTL (2. 17/ (1T *OMEGAE
(3.1 -rnga.z $VeTL1 1)/ (TIACHEGAR )
TL(3.2)aTL(3 20 +VeTL{1 2) /7 { ITeOMEGAE
11.03.3) = TL{3,3) + VeVoTL(1,1)/CHEGAE®#2
6 CONTINUE .
RETURN
EXD
¢ DECK AMDPR

]
SUBROUTIKE AMDPRN (PROMG,HPROMG)
* nondimensionalizes and prints 2ero-speei added mass and damping

COMMON /ERVIOR/ VK,KVK MU ,NMU.OMEGA,NOMEGA,SIGMA NSIGNA,SIGWEH,
1 NSIGWE,TMODAL ,RTMOD,RRANG . RARG,RLAKG,S,RNMU, FRNUN, VFS

INTEGER AVK,NMU,KOMEGA ,NSIGMA,NSIiGWK.KTMOD,ERANG,NNMU(8)

REAL vx(a).nu&av.e).onscn(ao).sxcnx(xq) SIGWE(4) . TMODAL(8),
2 RANG(8),RLANG(B).S(30,8) ,FRNUN(8),VF5(8}

COMMON /GEOM/ X.NSTATR,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGN ,NEBLA ,KPITCR ,KROLL ,KYAW,KYAWRL , AWP,VCK  FBDX, FBDY,
IBDZ ,NFREED,XPT,YPT,ZPT,KPTS,LCB,GML,ASTAT, BSTAT, TLTLE,NASS,
DISPLM, IPITCH, IROLL . IYAW, IYAWRL .CREAVE,CPITCH, CHEAPI, CROLL,
LREAXY WSURF,GIRTR,FBOZV DBLWL, TLCR

INTEGER NSTATK,NOFSET(25),NFREBD,NPTS

CRARACTER*4 TITLE(20)

REAL X(25).Y(10.25),2(10,25),FED2V(8,1C),L.PP,BEAN,DBLWL, TLCB,
DRAFT,LCF.VCG,GM,DELGN, NEBLA.KPITCH , KROLL KYAW,XYAWRL,AWP,VCB,
FBDX(10),FBDY(105 ,FBDZ(10) . XPT(10),YPT(10),2PT{10),LCE,GHL,
ASTAT(255 ,BSTAT(25) ,MASS ,DISPLM, IFITCR,IRCLL,IYAW,

IYAWRL, CEEAVE,CPITCH,CHEAFI,CROLL, AREAMX,WSURF, GIRTH(25)

COMMOK /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL, 6 IPRIN,
SCRFIL,HPLFIL ,LRAFIL,ORGFIL,RAOFIL RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL.COFFIL,LCOFIL ICARD,TEXFIL,IPRIK,
SCRFIL,RPLFIL ,LRAFIL ORGFIL,RAOFIL, RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL.LAEFIL

(LA N N [NYSE SR

VISR S} NJ

COMMON /PHYSCO/ I1,TPI1,PI1.PIOT,DEGRAD, RADDEG,VKMETR,METRVK,GRAV,
2 RRO GNU,RHOS,RHOF ,GNUS,GNUF , FTMETR ,PUNITS,REYSCL

COMDLEX 11

CHARACTER®4 PURITS(ZJ)

RZAL TPI,PI.PIOT,.DEGRAD ,RADDEG, VKMETR ,METRVK ,GRAV,RHD,GNY,RAJS,
1 RHOF,GRUS,GNUF ,FTMETR

COMPON /STATE/ LAT ,VRT,LOADS ,ACDRES,SALT, HEAD,EXRGLL ,BKEEL
LOGICAL LAT.VRT,LOADS ATDRES [ SALT . HEAD ,EXROLL,BKEEL

COMMON/TLLEM/TELER
COMPLEX TELEM(4,v .10

DIMERSION LPWR(10} LTX(10)
CIMENSION a(1C) B(1C,30)
COMPLEX T,COUN

DIMENSION PRCMG(30)

DATA LPWR /0,0 .2,1.0,2.2.1,1.2/
DATA LDX /1,3.6,9.2.4,6,7,8.10/

SRCDL=SQRT(GRAV/LPP)
LMIN=)

IF(.NOT.VRT) LMINz§
LMAX=10




(8]

- IF({.T0T.LAT) LHAXe%
DN 1 I=i,30

&(I)=0,

00 2 J=1, NPROMG
B(I,)r0.

CONTIRUR

CONTINUR '
WRITE §IPRII,601; TIYLE

o

YRITE (IPRIN,802
DO 3 IOKEGA=1,HPACNG

DU 4 LsLMIN,LNAX

801
602

[FRTYVEAEN)

603

N >t pa

604
60S

DECK

w=LDX(L)

#SCALT zREO*NEBLAALPPe«LPHR(L)

53CALE=ASCALESRGDL '
CALL CPLVAL (SIGMA,FSIGYMS,TELEM(1,1,L),PROMG(ICrEGAY,T,
CDUM, IDUN) ' R
A§LL)*REAL(T)/(~PROHC’IDKEGA)°'2)/ASCALE

B LL.?OHEGA)=AIKAC(T‘>FRDNG(IUKEGA)/BSCALE

CONTINUE

CMGND=PPOMG{IUMEGA) /SRIJL )

YRITE (IPRIN,604) JMGND,{A(L),L=1,10)

CONTNUE )

WRITE (IPARIN,603) ' )

L0 5 LONMEGA=1,N>2-0MG

OMGNO=PROMG{ IOMEGA ) /SRGDL

WRITE {IfRIN,804) NvC"D,(B(L,IO0FEGA),L={,1G)

CONTINUE

WRITZ (IPRIN,60S)

FORMAT (1R1,23X,20A4//42X,

46H2ERD-SPEED ADDED-MASS AND LAMPING COEFFICIENTS//)

FORMAT (' NOKN-DIMENSIONAL ADDED~KASS’'//

' SIGMA’,3X.'A(5,1)',6X, A(2,2)',6X, A(3,3)',6%,'A(4.,4)",6X,
'Ags.sg'.sx,'A(%,G)‘,fK,’A(2.4)',GX.'A’2,6)'.6X,'A(3.5)’.5X,
'A{4.,6)'/)

FORMAT (/' SON-DIMENSIDRAL DAMPING'//

! SIGHA’.BX.'B&I.I)'.BX.'B(?,2)’,GX.'B(3.3)’,6X.’B§4.4)’,61,
'B(6,8)',6X,'B(8,6)',6X,'B(2,4)',6X,."B(2.6)’,6X, B(3,5)",6X,
‘B(4,6)'/)

FORMAT élX.F6.3,1P10512.4)

FORMAT (///' {SIGMA 1S KON-DIMENSIONAL FREQUENCY)?)

RETURN

EXD

ATAN2D

FUNCTIOR ATAN2D (B,A,RADDEG)

arctangsent function 1in degrees for ary quadrant

DECK

DATA EPS /1.E-10/

IF (B .EQ. O0.) ATAR2D = O.
IF (B .GT. 0.) ATAN2D = 9©C.
IF (B .LT. 0.) ATAN2D =-980.

IF (ABS(A) .GT. EPS) ATAN2D = ATAN2(B.,A)*RADDEG

RETURN
END

ATAR2
FUNCTIOR  ATAN3(X,Y)

this function 18 to take care of the case of ATAN2(0,0)

AX=AES(X)

AY=ABRS(Y)

IF(AX .LE.!.E-OB .AND.AY .LE 1. E-0B) GO T0 &
ATAN3-ATAN2(X,Y)

¢0 To 10

ATAN3=0.

RETURN
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C DECK BILGEK

»

v.
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L]

. REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4) e

ARSI KD ba

w b N

[ 8]

SORIPFIMIBIII VIRV

calculates bilge keel damping using method of KATO
~R. MCCREIGHT, DTESRDC ,

SUBROUTINE BILGEK {IBLGK)

COMMON /APPEXD/ ®BKSET,NBKSTN(2),BKIMAG/2),BKFS(2),BKAS(2),
BKVD§2).BKSTI(iO.?),BKBB(lO.z).BKLNTH BKWDTH

BKWL(1C,2) ,BKAN(10,2) , NSKSET, SKIMAG(2) , SKFLS{2),SKALS(2),
SKAUS(2),SKHB(2) serwnszz,sxALHL§2;.sxAUVL§2g.nnossr.nornac(z)
RDRFS(2) . RDRAS (2}, RDREB(2) .RDRFWL(2) . RORAWL(2 .nnrrsgzg.norAs(z
RDTHB(2S . RDTFWL(2) ,RDTAWL(2),NSBSET,SBIMAG(2),SOBRFS(2) . SOBRAS (
sonnasézg,sosnrvgzg,soanau(zS.s:sars(z).srsnAs(z).sxsnna(z),
SIBRFW(2).SIBRAW(2) .SBTFS(2),SBTAS(2) ,SBTHB(2),SBTFWL(2),
SBTAWL(2) NFESET,FNIMAG(2) FNRFS(2) ,FRRAS(2),

FNREB(2) ,FNRFVL(2) FNRAWL(3),FNTFS(2),FNTAS(2) ,FNTEB(2),
FHTTWL(2) FRTAWL(2),¥EXPRD,ENRDO(8),ENRDS(8)

COMMON /CH3D/ ISIGMA SMIN,SIGMAX,V,SINMU,COSMU,WTSI,
IMMIN, IMMAX , IMDEL ,LM..  LMAX

%

INTEGER ISIGMA,IMHIN,IMMAX,IMDEL,LNIN,LMAX

COMMOK /ERVIOR/ VK,RVK,MU,NMU,OMEGA,NOMEGA,SIGMA . NSIGMA,SIGWH,
NSIGWH,TMODAL , NTMOD, NRANG. RANG,RLAKG, S, KNMU, FRNUN, VFS

INTEGER NVK, NMU,NOMCGA,NSIGMA,NSIGWH,NTMOD, NRANG,NNMU(8)

REAL VK(8) xugav,e).onscu(ao),szan(1o) SIGWH(4).TMODAL(8),
RAKG(8) ,RLANG(B).S(20,8) ,FRNUM(8),TFS(8}

COMMON /GEOM/ X ,HST! ,Y,2 NOFSET,LPP,BEAM,DRAFT,LCF,

VCG,GM ,DELGM,NEBLA K! . TCH KROLL ,KYAW,KYAWRL , AWP,'CB, FBDX ,FBDY,
+BDZ NFREBD,XPT,YPT,2ZPT ,NPTS,LCB,GHL ,ASTAT,BSTAT,TITLE,MASS,
DISPLM,IPITCH,IROLL, IYAW, IYAWRL ,CHEAVE,CPITCH, CHEAPI ,CROLL,
AREAMX ,WSURF,GIRTE,FED2V ,DBLWL,TLCB

INTEGER NSTATN.HOFSET(QBS,NFREBD,NPTS

CHARACTER+4 TITLE(20)

REAL X(25),Y(10,26),2(10,25) ,FBD2V(8,10),LPP ,BEAM ,DBLWL,TLCB,
DRAFT,LCF,VCG,GM,DELGM ,NEBLA ,KPITCH KROLL KYAW ,KYAWRL ,AWP,VCB,
FBDX(10) FBDY(lOS.FBDZ(lO).XPT(lO).YPT(IOS.ZPT(IO),LCB,GHL,
ASTAT(255.BSTAT(ZS).HASS,DISPLH.IPITCH,IROLL,IYAH,
IYAWRL,CBEAVE,CPITCH,CHEAPI,CROLL,AREAMX ,WSURF,GIRTR(26)

COMMON /PHYSCO/ 11,TPI,PI,PIOT.DEGRAD,RADDEG,VKMETR, METRVK, GRAV,
RHMO,GNU,RHOS ,RHOF ,GNUS ,GNUF ,FTMETL ,PUNITS,REYSCL

COMPLEX II

CHARACTER®4 PUNITS(2)

REAL TPI,PI,PIDT,DEGRAD,KADDEG,VKMETR,METRVK ,GRAV ,RHO,GNU,RHOS,
RHOF ,GNUS,GNUF ,FTHMETR

COMMON /RDGEO/ BKLEN WBKMAX,DLBKEL(25),SRBS(25),PKIS(25),CPS(25),
BKT(25) ,RKS(26),SSTR(25)

COMMON /RLDBK/ PSUR{25) BMK{25),DK(25),CAX(25),HQ , ASFAN, HMNCHD,

“AREA,HXCP HYCP ,HZCP HGAMMA HYHAT HEAR,HLCS,RO(2).RSPAN(2,
RMNCHD{2) ,RAREA(2:.RXCP(2: KYCP(2} ,R2CP(2).RGAMMA(2) ,RYRAT(2),
REAR(2),RLCS{2),SC/2. SSPAN!2).SMNCHD(2) ,SAREA(2),SXCP(2),
SYCP(2).S7CP(2) (SCARMAL2).SYHAT(2) SEAR(D) SLCS (25 BO(2) .
BSPAN?Q).BHNCHD(?).BARLA(?),BXCP(2).BYCP(: "BZCP{2).BGAMMA(2),
BYHAT(2),BEAR(2) ,BLCS(2) FO{2) FSPAN(2) ,FANCHD(2) FAREA(2),
FXCF(2),FYCP(2) ,FZCP(2) .FGAMMA(2) . FYHAT(2) ,FEAR{2) rLCS(2) !
PO(2,2),P5PaN’2,2) PHNCHD(2,2) PAREA(2,2) PXCP(2,2) PYCP(2,2),
PZCP{2.2) PGt MA(2 7). PYRAT(2.2), PEAR(Z,2%.PLCS{2 23,
STADMP(10) ,SHIUMP(10,8) ,EKCON , WPH] ,TPHI .UHELH(Q,QS 5FELM(4,9,8)
REELM(4,9,8) ,PEELM(4 .6 ,8) FEELM(4,0 8) HEEL%(4,0,8) BEELM(4,6,8,
ENWM,ENSF(5.6).ENRE(8) .ENPE(B7.ENFE!BY ENHE(E) .ENBE(B) .
ENLMV(E,8) ENRL(8) EFPL(6) ENFL/R) ENHL(8),ENSL(8), ENBL(8),
ENSHP(B,8) RELM -~ 9}, ITS{2%),R0(Z5),"DDY(8&,25),RGB{25)

REAL RDBLY(269r
EGUIVALENCL (PSUh{1,,RDBL#{1))




.g

RBAL KAPPA,KG LAHBDA LBKEEL
CHARACTER#4 N

" EXTERNAL EXP
. .DATA NETRR /'METE'/

LBKEEL=BKLEN
NSM = NSTATN - 1
DO 40 K=2,MSN
_m?mmuxﬁzmmmw
) DLBKEL (K sq C.) GO TO 40
ENODES = NOFSET(K)
) ’ R=RD (K)
BLOCAL = 2¢BMK(K)
TLOCAL = ABS(BKT(K))
KG = VCG + TLOCAL
BBKEEL = BKWD(IBLGK)
PHI=PHIS(K)
COSPHI=CFS (K)
RK=RKS(K)
__85 = SSTR(K)
SRB= sxasEx)
RF=SRB+Y(NNODES ,K)
EPS=ATAN(SRB)
€0=1000.%(1.44+3 . 8sPHIwe3)
KAPPA = Re(1.0 + RF/BLOCAL)®¢2 / SQRT(BLOCAL*KG/2.)
XI=BBKEEL/ (RK¢PH1#0.75)
AK=1.4042,03¢EXP(-25.2X1)
ALPHA=2.0-AN
(K=i.0+3.6%EXP(-9.0°KAPPA)
SGM=2.0eBBKEEL/LBXEEL
CN=1.9BeEXP(-5.5%5GM)
Q = (0.5¢BLOCAL®TAN(PI/4. - EPS/2.) + RF - KG) ¢ SIN(PI/4. +

|
i
1
|
]
"1
1
I
i
|
|
1

2 EPS/2.)
PO = KG = TLOCAL/3. - 2. ORF/
P1 = 0.88¢(KG - TLOCAL - 0.64e(BLOCAL/2. - (TLOCAL - RF)eTAN(

2 PI/4. « EPS/2.)))
LAMBDA = R/(TLOCAL - RFe(BLOCAL - 2.#R)/BLOCAL)
FLAMB=1 34¢SIN(PIeLAMBDA/3.6)/

1 (1.040.1682SIN(PI*(LAMBDA-0.6)/1.8))
BCIRC = COSPAI + SS¢(Q+PO-(PO-P1)eFLAMB)/(2.+BBKEEL#RK)
CAKEEL=2.0+DLBKEL(K)*BBKEEL
CON = 4.09RH0O/(3.0ePI)*CKoCN®BCIRC*DAKEEL*RK®*3
DO 30 Ia=1,NRAKG
00 20 I5=1,NSIGMA
PERE = TPI/SIGMA(IS)
F = RK*RANG(IA)ePHIes) 7/(PERESQRT(BBKEEL))

. F nust bLe in meters

IF (PURITS(3) .ME METER) F = FeSQRT(FTMETR)
(5 = COeFee(-ALPHA)/(2.6821000.0)
Ch = 1.
RN = (8 eBBKEEL®RKeRAKG(IA) / (PERE®GHNU)) ¢ REYSCL
IF (RF .GE. 1000.) GO TO 37
ALIORR = ALOG(RN)/ALOG(10 )
CA = 1.85 - 0.20°ALIOKN < 0 .20¢SIN(PIe(ALI1ORN-2.198)/0.64)
17 CONYINUE
STADMP(IS) = CONeCSeCAeSIGMA(ISIeRARG(IA)
STADMP(IS) = SIGMA(IS)eSTADMP(IS)
SHPDMP(IS,IA) = SHPDMP(1S.,14) « STADNMP(IS)
2C CONTIRUE
30 CONTINUE
40 CONTINUE

RETURR
E¥D

C DECK BXEDDY
SUBROUTINE BKEDDY
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10
20

30

40
100

I

2 RANG(8),RLARG

COMMON /APPEND/ NBKSET, IBRSTI(2) axanc(z).ers(z),nxls(z).
2 axvngz) ,BKSTF(10,2) ,BKEB(10,2), KWDTE
2 BKWL(10'2) ,BKAN(10,2),NSKSET, sx:nac(25 SKFLS{2) ,SKALS(2),

2 SKAUS(2 SKHB(2) SKFLULE?g SKALUL§ ; SKAUULg ; ,JRDSET ,RDIMAG(2) »
.2 RDRFS(2).RDRAS(2) RDRFWL(2) . RDRAWL.(2 nnrrsz g LRDTAS(2} - R
2 RDTBB(2 EDTFUL S RDTAHL(?) ASBSET, SBIHAG(2) SOBRFS(2 SQBRAS(QS

2,soaana§ ; sosnrvg ,SOBRAW(2) ,SIBRFS(2),SIBRAS(2),SIBRHEB(2),
2

2'STBRFW(2) |SIBRAW(2) .SRTFS(2) ,SBTAS(2) ,SBTHB(2) ,SBTFWL(2),
2 SBTAVL lrnssr,rnanc(z) FNRFS(2), FRAS(2)
‘2 FEREB(2), FNRFWL (2 WL(2) ,FNTFS(2), rrrus(i) FRTEB(2),

- 2 FUTFVL(2) FITAHL(2$ lsxpan ENRDO(B) , EFRDS (8)

COMMOR /CB3D/ ISIGMA,SIGMIN,SIGMAX,V,SINNU,COSMU,VWTSI,
2 IMMIX,IMMAX, IMDEL, LMIN,LMAX

REAL SIGHII SIGMAX,V, SINMU,COSMU,WTSI (4)

INTEGER ISIGNA, IMMIN,IMMAX.IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,RVK,MU,NMU,OMEGA, NOMEGA,SIGMA,NSIGNA,SIGVE,
1 NSIGWH,TMODAL,RTMOD,NRANG.RANG,RLANG,S ,XRMU, FRNUN, VFS

INTECER NVK,NMU,NOMEGA ,NSICMA,NSIGWH, NTMOD, NRANG, NNMU(8)

REAL VK(8), nu&av ,8) ,NMEGA (30) 'SIGMA(10),SIGWH(4) . TMODAL(8),
8).5(30,8) ,FRRUM(8),VF5 (8}

COMMON /GEOM/ X ,NSTATK,Y,Z NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM ,NEBLA ,KPITCE ,KROLL ,KYAW ,KYAWRL, AWP,VCE,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,2PT,NPTS,LCB,GML ,ASTAT,BSTAT,TITLE, ,MASS,
2 DISPLM,IPITCE,IROLL,IYAW, IYAWRL ,CHEAVE ,CPITCH,CREAPI,CROLL,
2 AREAMX ,WSURF, GIRTH FBDZV DBLWL,TLCB

INTEGER NSTATN,KOFSET(25),NFREBD,NPTS

CHAPACTER*4 TITLE(20)

REAL X(26),Y(10,25),2(10,25) ,FBDZV(8,10),LPP,BEAM,DBLVL, TLCB,
2 DRAFT,LCF,VCG,GX DELGM,NEBLA ,KPITCH,KROLL ,KYAW KYAWRL ,AWP,VCB,
2 FBDX(10) FBDY(!OS FBDZ(10),IPT(10), YPT(IOS ZPT(iO) LC8,GML,
4 ASTAT(255 BSTAT(25), MASS, DISPLH IPITCR,IROLL, IYAW
5 IYAWRL, CBEAVE CPITCE,CHEAPI,CROLL, AREAHX HSURF GIRTH(26)

COMMOK /RLDBK/ PSUR(26),BMK(25),DK(25),CAK(25),RQ,ASPAN, RMNCED,

2 RAREA,HBXCP,BYCP ,HZCP,HGAMMA ,HYHAT, HEAR,HLCS RQ(2) .RSPAN(2),

2 RMNCHD(2) ,RAREA(2) .KXCP(2),RYCP(2) ,RZCP(2),RGAMMA(2) ,RYRAT(2),

2 RBAR$2) JRLCS(2).S0{2),SSPAKR(2),SMRCHD(2),SAREA(2) ,SXCP(2),

2 SYCP(2),SZCP(2) .SGAMMA(2),SYHAT(2),SEAR(2),SLCS(2) BQ(2),

2 BSPAN§2§,BHNCHD(Z),BAREA(?).BXCP(2S.BYCP(2$ B7CP 0 ROAMMA(2),

2 BYHAT(2),BEAR(2),BLCS(2),FQ(2),FSPAN(2) ¥~ 5 {1 © )y,

2 FXCP(2),FYCP(2) ,F2ZCP(2) ,FGAMMA(2) FYHAT(. , 3

2 PO(2,2),PSPAN(2,2), PMNCHD(2,2) . PAREA(2,Z FICF{v.2% k1 .r02.2),
2 PZCP(2.2) PGAMMA(2.2).PYNAT(2,2) PEAR(2. - pLrs (3" 5

2 STADMP(10},SHPDMP(10.8),ENCON .WPHI.TPRI + 'FiM(4,0) . SFE LICH g,s)

2 REELM(4,9,8) ,PEELM(4.9,8) FEELM(4.6,8) HL ~~(4,0.8) BEEiM(4,9,8%,
2 ENVM,ENSF(8.8).ENRE(8) .ENPE(8),ENFE(B) .ENic18) .ENBE(8),
ENEMVéa ,8) .ENRL(8) ENPL(8).ENFL(8) ENHL(8) ENSL{B) ENBL(E),

2 ENSHP(8.8) .RELM(4.9),ITS(25),RD(25),EDDY(8,25),RGB(25)
REAL RDBLK(2692)
EQUIVALENCE (PSUR(1),RDBLK(1))

DO 20 IA=1,NRANG

ENBE(IA) = 0O

DO 10 IS=1,XSIGHA
SHPDMP(IS,IA) = O

CORTIRUE

CONTINUVE

IF (NBKSET .E0. ©) GO TO 100
DO 30 i=3,NBKSET

CALLL CALchéz)
CALL BILGEK(I)

CONTINUE

DO 40 IA=1i NRANG

CALL SPFIT (SIGMA.SKPDMP(1,1A) BEELM(1.1,1A) NSIGMA)
ENBE(IA) = ENCONeREVAL(BEELM(1,ISIGMA,IA} ,WTSI)
CONTIAVE

COXTINUVE

RETURN




C DECK BKLIFT
SUBROUTINE BKLIFT

, ~_ CONMON /APPEXD/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
e e iig sxungz),sxsrl(zo.z),axna(xo,z).sxnlrn BKWD
2 BKWL(10,2),BKAN(i0,2),HSKSET, SKIMAG(2},3KFLS!2),SRALS(2),
2 SKAUS(2},SKEB(2) sxFLwLézg.sxALungg,sxAuungg,lnnssr.nnanc(z)
2 RDRFS(2) .RDRAS (2} RDREB(2) . RDRFWL(2) . RDRAWL(2 .RDTFS§2;,RDTAS(25
2 RDTEB(2) 'RDTFWL(2) ,RDTAWL(2) ,NSBSET,SDIMAG(2) , SOBRFS(2) . SOBRAS (25
2,SOBREB(2 ,soanrvgzg,sosanw(zS.sxanrs(z).sxsaAs(z).s:snns(z),
2 SIBRFW(2),SIBRAW(2) ,SBTFS(2),$BTAS(2),SBTHB(2) ,SBTFWL(2),
2 SBTAWL(2).NFNSET,FNIMAG(2),FRRFS(2),FERAS(2),
2 FHRHB(2) ,FNRFWL(2) ,FERAWL(2) ,FNTFS(2) ,FNTAS(2) ,FETEB(2),
2 FETFWL{2},FNTAVL(2},YEXPRD,ENRDO(8) ,ENRDS(8)

COMMON /ERVIOR/ VK,BEVK,MU,NNU,OMEGA,NOMEGA,SIGMA,NSIGMA ,SIGVH,
1 NSIGWH,TMODAL,HTMOD,NRANG.RANG,RLAKG,S,KNMU,FRRUN,VFS

INTEGER NVK,NNU,KNOMEGA,NSIGMA,HSIGWH NTMOD,NRANG,NNMU(S)

REAL vx(a).nu§37.e).ouscA(so).sxan(ao) SIGWE(4).TMODAL(8),
2 RANG(8),RLANG(8).S(30,8) ,FRRUN(B) ,VFS(8}

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA ,KPITCH, KROLL,KYAW,KYAWRL .AWP,VCB,FBDX ,FBDY,
2 FBDZ,RFREBD,XPT,YPT,ZPT,NPTS,LCB,GML ASTAT,BSTAT,TITLE. MASS,
2 DISPLM,IPITCH,IROLL.IYAW,IYAWRL ,CREAVE,CPITCH, CHEAPI, CROLL,
2 AREANX,VSURF, GIRTH,FBDZV .DELWL,TLCB

IRTEGER ISTATI,IOFSET§2SS,IFREBD.NPTS

REAL X(25),Y(10,25),2{10,25),FBDZV(8,10) ,LPP,BEAM,DBLWL , TLCB,
2 DRAFT,LCF,VCG,GM,DELGM ,NEBLA .KPITCR,KROLL ,KYAW ,KYAWRL ,AWP,VCB,
2 FBDX(10) FBDY (10}, ,FBD2(10),XPT(10),YPT(105,2PT{10),LCB, GML,
4 ASTAT(25),BSTAT(25), TITLE(20),MASS.DISPLM,IPITCR,IROLL . IYAV,
5 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(26)

COMMON /PRYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR ,METRVK,GRAV,
2 RHO,GRU,RHOS,RHOF,GNUS,GNUF ,FTHETR ,PUNITS ,REYSCL

COMPLEX 11

CHARACTERe4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV RHO,GRU,RHOS,
1 RBOF,GRUS,GRUF ,FTEETR

CONMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25) ,HQ,RSPAR , HMNCHD,
2 HAREA,BXCP . HYCP ,RZCP,HGANMA ,HYRAT HEAR.HLCS,RQ(2) .RSPAN(2),

2 RMNCHD(2),RAREA(2) ,RKCP(2) ,RYCP(2} ,RZCP(2).RGAMMA(2) ,RYHAT(2),
2 REAR(2),RLCS(2),50(2),SSPAN(2),SMNCHD(2),SAREA(2),SXCP(2),

2 SYCP(2),SZCP(2).SGAMMA(2),SYHAT(2),SEAR(2),SLCS(2).BQ(2).

2 BSPAWEZ?.BHNCHD(2).BAREA(z).BXCP(25.BYCP(25.BZCP(25.BGAHHA(2).

2 BYHAT(2) .BEAR(2),BLCS(2) ,FO(2) FSPAN(2) ,FMNCHD(2) FAREA(2),

2 FXCP(2) . FYCP(2) ,FZCP(2) FGAMMA(2) ,FYHAT(2) ,FEAR(2) FLCS(2).

2 PO(2,2).,PSPAN(2.2) ,PMNCHD(2,2) ,PAREA(2,2) ,PXCP (2,2} ,PYCP(22),

2 PZCP(2,2),PGAMMA(2.2) PYHAT(2,2),PEAR(2,2),PLCS(2,2),

2 STADMP{10},SHPDMP(10,8)  ENCON.VPHI .TPRI.WMELM(4,0) SFELM(4,9,8)

2 REELM(4,9,8) ,PEELM(4.9,8),FEELM(4,9,8),HEELM(4,9.8) ,BEELM(4.9,8),
2 ENWM,ENSF(8.8) ,ENRE(B) .EXPE(8) ENFE(8) .ENHE(8) .ENBE(8),

2 ENEMV(8,8) ,ENRL(8).EWNPL(8) ENFL(8) ENRL(B),ENSL(8),ENBL(8),

2 ENSHP(8,8).RELM(4.9),IT5(25),RD(25) . EDDY(8.25),RGB(25)

REAL RDBLK(2692)
EQUIVALENCE (PSUR(1) ,RDBILK(1))

REAL LCS,MCHORD
IF (NBKSET .EQ. 0) GO TO 30
ER « 0

STASPC = LPP/20

DO 20 Ke=! NBKSET

NBKS = NBKSTN(K)

XBKF = LCB - BKFS§K)OS'-S:-
XBKA = LCB - BKAS(K)®STASPC
M = NBKS/2

IF (n .EQ. 0) M =}

YBK = BKHB(M,K)




20
30

40

2BKF « nmﬁi.x) - (DBLWL+VCG)

gamz- BKWL(NBKS,K) - (DBLWL+VCG)
«®

SUM = 0

DO 10 Is1,NBKS

SUX = SUM + BKAN(I,K)

~710 COXTINUE

GAMMA = - SUM/NBKS

SPAN = BKWD(K)

MCHORD = XBKF - XBKA
area

AREA = SPANeMCHORD
center of pressure

XCP = XBKF - 0.5¢MCHORD
YCP = YBK + O0.5%SPAK
2CP = (ZBKF + ZBKA)/2

moment arm

GAM = GAMMA*DEGRAD
YBAT = YCP*COS(GAM) + ZCPeSIN(GAM)

effective aspect ratio
EAR = 2¢SPAN/MCHORD
lift curve slope

LCS = (PI/2)EAR
BQ(K) = Q

BSPAN(K) = SPAN
BMRCHD(K) = MCHORD
BAREA(X) = AREA
BXCP(K) = XCP

BYCP(K) = YCP
BZCP(K) = 2CP
BGAMMA(K) = GAMMA
BYHAT(K) = YRAT

BEAR(K) = EAR

BLCS(K) = LCS

EN = EN + Qo (REQ/2)*AREACLCSeYHATeYHATeWPEIENCON
CONTINUE

CONTIKUE

DO 40 1vei, NVK

ERBL(IV) = ©

IF (NBKSET .GT. O) ENBL(IV) = ENeVi'S{IV)

CONTINUE

RETURY
END

C DECK BMAX

FUNCTION BMAX(N.X:

DIMENSION X(30)
AzX(1)

IF(¥W.LE.§) GO TO 2
DO 1 Is2,¥
IF(X(I).CT.A) AsX(])
CONTINUE

CONTINUE

BMAX=A

RETURK
END

C DECK BRWVSP

SUBROUTINL RRWVSP (BOK,SIGWH,TO,W¥,S)
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* this routine calculates a BRETSCENEIDER 2-parameter wave spectrum
. (lxgniticnnt ave height, modal wave period)
. G.MEYERS, DTNSRDC, 072977

< ... .DIMENSIORN W(NOK),S(NOK)

F
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EXTERNAL EXP
DATA A,B /487.0626,1048.2444/
TO4 = TOee4
* for Pisrson-Moskowitz wave spectrum
* TO4 = £B.0936+¢SIGWH*e2

CON{ = A*SIGWH®*2/T04

CON2 = B/T04

DO 10 I=1,NOK

W4 = 951)'t4

W6 = W(I)sW4

ARG = CON2/W4

IF {ARG.GT.50.) S(I)=0.

IF (ARG.GT.60.) GO TO 10

S(I) = COR1/WS*EXP(-ARG)
10 CONTIRUE

RETURN
END

C DECK CALRGM
SUBROUTINE CALRGM (IBLGK)

COMMOR /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
2 nxun§2) ,BKSTN(10,2),BKRB(10,2) , BKLNTH , BKWDTH,
2 BKWL(10,2) ,BKAN(10,2),NSKSET,SKIMAG(2},SKFLS(2),SKALS(2),
2 SKAUS(2},SKHB(2) ,SKFLWL(2),SKALWL(2), SKAUWL (2),KRDSET,RDIMAG(2)
2 Ronrs§2g RDRAS (2} RDREB(2) .RDRFWL(2) . RDRAWL(2) | norrsg ; RDTAS (2}
2 RDTHB(2),RDTFNL(2) RDTAWL(2),NSBSET,SBIMAG(2),S0BRFS(2) SOBRAS(2}
2.SOBREB(2 soaaruézS SOBRAW(25,SIBRFS(2),Si8RAS(2),STBRRB(2),
2 SIBRFW(2),SIBRAW(2).SBTFS(2),SBTAS(2) ,SBTHB(2),SBTFWL(2),
2 SBTAWL(2) .NFNSET,FNIMAG(2) FRRFS(2),FNRAS(2) |
2 FNRHB(2),FNRFWL(2) ,FNRAWL(2) ,FNTF3(%) FNTAS(2) FNTHB(2),
2 FNTFWL(2) ,FNTAWL(2},NEXPRD,EKRDO(8) , FNRDS(8)

COMMOR /DATINP/ OPTN ,MOTK,BSCFIL,VLACPR,RACPR,RLDMPR,DISPLNT,
2 LRAOPR, ADRPR,ORGOPTN.GHNOM ,KG,STATN(25) .NSOFST(25 5),
2 NLEWF(25) HLFBTH(10,25) UTRLNE(!O 25) BkEUF(25) TLEVF%?S;
2 AREALF(2SS NPTLOC,PTNUMB(10), PTNANE, XPTLOC(IO) YPTLOC(10
2 ZPTLOC(10),NBB, FBNUHB(!O) FBNAME, XPTFBD(IO) YPTFBD(IO)
2 ZPTFBD(10), FBCODE(lO) FBTYPE, RDOT(IO) VKDES ,FNDES,
2 STATNM,STATIS
CHARACTERe4 PTNAME(8,10) ,FBNAME(8,10) ,STATNM(5) ,FBTYPE(3,10)
IRTEGER OPTKR,MOTK, BSCFIL VLACPR, RAOPR ADRPR, RLDHPR FBCODE
2 FBNEHB PTIUHB ORGOPTK
REAL KG

COMMON /PRYSCO/ I11,TPI,P1,P10T,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF, CNUS GNUF FTHETR PUNITS REYSCL

COMPLEX ‘11

CHARACTERe®4 PUNITS(2)

RFAL TP1,PI,P10T.DEGRAD,RADDEG, VKMETR ,METRVK ,GRAY,RHO,GNU,RROS,
1 RHOF, CIUS GNUF FTMETR

COMMORN /GEOM/ X ,WSTATK,Y,Z NOFSET,LPP, BEAM DRAFT, LCF,
1 VCG,GM,DELGM,KEBLA ,KPITCH, KROLL, KYAW, %YAWRL , AWP VCB, FBDX, FBDY,
FBDZ IFREBD XPT YPT ZPT, lPTS LCB GHML ,ASTAT, BSTAT TITLE HASS
P DISPLH IPITCH TROLL.TYAW,IYAWRL, CHEAVE CPITCH, CHEAPI, CROLL
2 AREAMX,WSURF,GIRTH,FBDZV,DBLWL,TLCE
INTEGER NSTATN, NOF“ET(2S) NFREBD,NPTS
CHARACTER#4 TITLE(20)
REAL X(26),Y(10,25),2(10,25) ,FBDZV(8,10),LPP , BEAM, DBLWL,TLCB,
2 DRAFT,LCF,VCG,GM ,DELGM, NEBLA ,KPITCH,KROLL ,KYAW ,KYAWRL ,AWP,VCB,

50




2 FBDX(10),FBDY(10),FBD2(10),XPT(10),YPT(10),2PT(10),LCB,GML,
4 ASTAT(26), BSTAT(26) ,MASS,DISPLM,IPITCH, IROLL,IYAW,
§ IYAWRL, CEEAVB CPITCE, CHEAPI CROLL AREAHX USUBF GIRTH(26)

COMMON /RDGEO/ BKLEW,WBKMAX,DLBKEL(25),SRBS(25), PRIS(25),CPS(25),
-2 BKT(26) ,RXS(25) ,SSTR(26) : e

REAL LBKEEL
LBKEELa0

NBKS = IBK'TI(IBLGK)
STLSPC =1 /20

M = NSTATI

ISN = ESTATR - 1

DO 1 K=2,HSM

M=M-1
IF (NOFSET(K) .LT. 2) GO TO 1

DELTAL=0.
SRB=0.
PRI=0.
COSPHI=1.
i
) ég égTéTl(H) .GT. BKAS(IBLGK) .OR. STATN(M) .LT. BKFS(IBLGK))
IF (STATN(M+1) .GT. BKAS(IBLGK))
2 DELTAL = (BKAS(IBLGK) - STATN(M))eSTASPC
IF (STATN(M-1) .LT. BKFS(IBLGK))
2 DELTAL = gSTATN(H) - BKFS{IBLGK))®STASPC
IF (STATN(M+1) .LE. BKAS(IBLGK))
2 DELTAL = DELTAL + (STATN(M+3) - STATHN(M))*STASPC/2
IF (STATN(M-1) .GE. BKFS§IBLGK))
2 DELTAL = DELTAL + (STATN(M) - STATN(M-1))*STASPC/2

NKODES=NOFSET(K)

DO 10 L=1,NBKS

IF (STATN(M) .NE. BKSTN(L,IBLCK)) GO TO 10

RO = SQRT(BKHB(L,6IBLGK)ee2 + (BKWL(L,IBLGK) - (DBLWL+VCG))®*2)

ARG = BKAN(L,IBLGK)*DEGRAD

YBKC = BKHB(L,IBLGK) + 0.5¢BKWD(IBLGK)«COS (ARG)

ZBKC = (BKWL(L,IBLGK) - DBLWL) - O.5sBKWD(IBLGK)*SIN(ARG)

= SQRT(YBKCee2 + (ZBKC-VCG)ee2)
Pl = ASIR(-VCG/RO)
= ATAB2(VCG + DBLWL - BKWL(L,IBLGK),BKEB(L,IBLGK))

PHI = P1 + P2

gOgPBI = COS(ARG ~ P2)

NNM=NNODES-1

DO 3 J=1,NFN

JS=NNODES-1J+1

IF (BKHB(L,IBLGK) .GE. Y(JS-1,K)) GO TO 4

S=S+SQRT((Y(JS,K)=Y(JS-1,K))®e24(2(JS,K)-2(J5-1,K))ee2)
3 CONTINUE
4 CONTINUVE

S = S« SORT((Y(JS.K) - BKHB(L,IBLGK))ee2 + (2(JS.K) -
2 (BKWL(L,IBLGK) - DBLWL))ee2)

. find minimun slope for deadrise calculation 2n "BILGEK"

M2 = )5S - 1
LS = K2 - 1
?RB 3 (Z(M2,K) - Z(LS,K)) / (Y(MZ,K) - Y(LS,K))
= Js
DO 130 I=2,M2
J=J)-1
JS1 = J -1
SLOPE = (Z(J,K) - 2(3S3,K)) / (Y(J,K) - Y(IS1,K))
IF $SLOPE .EQ. 0.) GO TO 140

IF (SLOPE .GT. SRB) GO TO 140
Ls= Js
SRB = SLOPE
130 CONTINUE
. extrapolate slope to centerline to get local draft
8]




140

C DECK

L3 I IR N N L3 X N *

[ 3 3N ]

1000
1050

- 13110

1200

(excluding skeg offsets)

nx‘rsx) = 2(LS,K) - SRB=Y(LS,K)

IF (BKT(K) .LT. 2(1,K)) BKT(K) = 2(1,K)
r.nstuxmom:rn

CONTINUE - L o
DLBKEL (K)=DELTAL

susgx;-su

PRIS(K)=PHI

cpsgxrcospxx

RKS(K

SSTR(K)=S

CONTINUE

BKLEN=LBKEEL

RETURN
END

CDCOMP
SUBROUTINE CDCOMP ( N, NDIM, A, UL, IP )

COMPLEX MATRIX TRIANGULARIZATION BY GAUSSIAN ELIMIKATION.

INPUT. ..

R = ORDER OF HMATRIX.

MDIM = DECLARED DIMENSION OF ARRAY A .
& = COMPLEX MATRIX TC BE TRIANGULARIZED.

OUTPUT...

ULE .J;. I .LE. J = UPPER TRIANGULAR FACTOR, U .

UL(I,J), I .GT. J = MULTIPLIERS = LOWER TRIANGULAR
FACTOR, I - L .

IP% ), X .LT. K = INDEX OF K-TH PIVOT ROW.

IP(N) = (-1)se(NUMBER OF INTERCHANGES) OR O .

USE "SOLVE" TO OBTAIN SOLUTION OF LINEAR SYSTEH
DETERM( A ) = IP(N)eUL(1,.)UL{(2,2)e...*UL(N,N
IF IP(N) = O, 4 IS SINGULAR, SOLVE WILL DIVIDE BY ZERO.

INTERCEANGES FINISHED IN U, ONLY PARYTIALY INL .

REAL CABS

COMPLEX A, UL, T

IRTEGER X, NDIM, IP, K, KP1, M, I 1
DIMENSION A(NDIM NDIM). UL(NDIK,NDIM)
DIMENSION IP(NDIM)

D0 1060 7 = 3, EDINM
DO 1600 J = 1, WNDIM
UL(). 1) = A(J, 1)
CONTIKUE

CONTINVE

1

K i, ¥
.EG. N, GO T0 160C
+

M=K

DO 11:C I = KPL, X

IF ( CABS( UL (1,X) ) .CT. CABS{ UL(M,K) ) ) M=1
COITIIUE .

IP(K) =

IF( N .IE. K ) p(®) = -1P(N)

T = UL(X,X)

UL§H.K) = UL(K,X)

UL(K,X, = T

1T ( CABS(T) .EQ. 0.0 ) 6) TD 1600
DO 1200 [ = KPi, ¥

UL(I,X) = -UL(I1.K)/T

CONTINUE

DC 1500 J = KPL, ¥

‘J‘




1300
1400
1500
1600

~1700

290699

C DECK

10

C DECK

L 2K

T UL(K

UL(N,J) = un(x 1)

vL(x.3) = 1

1IF ( cnns(r) sq 00 ) GO TO 1400
DO 1300 1 =

UL(I J) = un(I J) + UL(I,K)eT
CONTINUE

CONTINUE
CONTINUE

COXTINUE
IF ( CABS({ UL(K,K) ) .EQ. 0.0 ) IP(N) =0
COXTINUE
CONTINUE

RETURN
END

CEVAL
COMPLEX FUNCTION CEVAL (CSPLKNE,WEIGHT)

COMPLEX CSPLNE(4)
DIMENSION WEIGHT(4)

CEVAL = (0.,0.)

DO 10 I=1.4

CEVAL = CEVAL + WEIGHT(I)«CSPLNE(I)
CONTINUE

RETUR¥F
END

CLIP
SUBROUTINE CLIP (LIMIT,TFN,TFNMOD)

W.G.MEYERS, D NSRDC 072977

REAL LIMIT,MAGK
COMPLEX TFN,TFNMOD
MAGN = CABS{TFN)

IF (LIMIT.LE.O. .OR. MAGN.LE.LIMIT) GO TO 10

- transfer function clapped

10

RATIO = LIMIT/MAGN
TFRKOD = RATIOWTFN
GO TO 20
CONTINUE

. transfer functaion not clipped

20

C DECK

TFREQOD = TFN
CORTINUVE

RETURN
END

CMINR
FUKCTIOR CHINR (ISKIP AL}

DIMERSION AA(3.4)
SUN=0.0

PO 1 11=1.,4
IF(11.EQ.ISKIP) GO TO 2
I2:=11+1

IFEI:.GT.4) I2¢}
IF(12.EQ.ISKIP) 12=12+1
IF(12.GT.4) 1I2=)
13:]12+1

IF(I3.GT.4) 13=}
IF(I13.EQ.ISKIP) 13=13¢;

83

this routine imposee a limit on the magnitude of a dimensional
transfer function (surge, SVAY Or yav 1n quartering seas)




IF(13.GT.4) I3ey

SUMaSUNM+AA(1,11)*(AA(2,I2)*AA(3,13)-AA(2,13)%AA(3,12))
CONTINUE

CONTINUE

CMINRaSUM

RETURN
END

€ DECK COFQUT

SUBROUTI¥E COFOUT

generate coefficient file containinén;goed-dopcndant added-mass

and damping, exciting forces and KO

2

[ ST SESENY SN )

[SE SRS o)

[S R3] [ 3 SEN)

el

functions

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTST,
IMMIN, IMMAX,IMDEL ,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINNU,COSMU,WTSI(4)

INTEGER ISIGMA, IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /DATINP/ OPTN,HOTN,BSCFIL,VLACPR,RAOPR,RLDMFR,DISPLNT,
LRAOPR,ADRPR,ORGOPTN,GMNOM ,XG,STATN(25) ,NSOFST(25),
BLEWF(25) HLFBTH(10,2S).UTRLNE(IO.QS).BLEHF(25).TLEVFE25).
AREALF(255,NPTLOC.PTNUHB(IO),PTNAHE,XPTLOC(IO).YPTLOC 10),
ZPTLOC&!O;,NBB.FBNUHB(IO).FBNAHE.XPTFBD(IO).YPTFBD(lO).
ZPTFBD(10) ,FBCODE(10) ,FBTYPE,RDOT(10),VKDES, FNDES,
STATNM,STATIS

CBARACTER*4 PTNAME(B,10) ,FBNAME(8,10),STATNM(S) ,FBTYPE(3, 10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR, ADRPR,RLDMPR,FBCODE,
FBNUMB ,PTRUME,ORGOPTN

REAL KG

COMMON /ERVIOR/ VK,KVK,MU,NMU,OMEGA NOMEGA,SIGMA,NSIGMA,SIGWH,
NSIGWH,TMODAL, NTMOD ,NRANG .RANG,RLANG,S ,NNMU, FRNUM, VFS

INTEGER NVK,NNU,NOMEGA,NSIGMA,NSIGWH,RTMOD,NRANG, NNMU(8)

REAL vx(e),nu%:n,e‘;,onscusm,srcm(:o) SIGWH(4),TMODAL(8),
RANG(8) ,RLANG(8),S(30,8) ,FRNUM(8),VFS(8}

COMMON /GEOM/ X ,NSTATN,Y,2,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM ,NEBLA ,KPITCH KROLL ,KYAW,KYAWRL,AWP ,VCB,FBDX,FBDY,
FBDZ,NFREBD,XPT,YPT,2PT NPTS,LCE,GML,ASTAT,BSTAT,TITLE, MASS,
DISPLM,IPITCH,IROLL,1YAW, IYAWRL ,CHEAVE,CPITCH,CHEAPI,CROLL,
AREAMX WSURF,GIRTH,FBD2V,DBL¥L,TLCB

INTEGER NSTATK,NCFSET(25) ,KFREBD,NPTS

CHARACTER=q TITLE(20)

REAL X(25),Y(10,25),2(10,25) ,FBDZV(8,10),LPP BEAM DBLVL,TLCB,
DRAFT,LCF,VCG,GM,DELGM , NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL ,AWP,VCB,
FBDX(10) FBDY(IO).FBDZ(IO).XPT(XO).YPT(IOS,ZPT(IO).LCB,GHL,
ASTAT(25$.BSTAT(?S).HASS.DISPLH.IPITCH.IROLL.IYAU,

IYAWRL ,CHEAVE,CPITCH CHEAPI,CROLL, AREAMX ,WSURF,GIRTH(25)

COMMOR /1I0/ SYSFIL,POTFIL,COFFIL.LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,FPLFIL,LRAFIL ORGFIL,RACFIL , RMSFIL, SEVFIL,SPDFIL,
SPTFIL ,LACFIL,LAEFIL

INTEGER SYSFIL,.POTFIL,COFFIL.LCOFIL,ICAPC, TEXFIL,IPRIN,
SCRFIL,APLFIL,LRAFIL,ORGFIL,RACFIL ,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMOF /PRYSCO/ I1.TP1.Pl.PICT DEGRAD, RADDEG.VKMETR,METRVK,GRAV,

2 RHO.GRU,RHOS ,RROF ,GXUS ,GNUF ,FTMETR ,PUKITS ,REYSCL

COMPLEX I1I

CRARACTERe4 PUKITS(2)

REAL TP1,PI,PIOT,DEGRAD,RADDES, VKMETR,METRVK,GRAV,RHO,GNU,RHOS,
RHOF ,GRUS ,GNUF ,FTMETR

COMMON /STATE/ LAT, VRT,LGADS,ADDRES,SALT,READ,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD ,EXROLL,BKEEL

COMMON /STELEM/ STELEM
COMPLEX STELEM(4.9,250)

COMMON/TELEM/TELEM

vz
-




CONPLEX TELEM(4,9,10)
COMMON /WGETS/ WTDL,X

REAL VTDL(10, 25),!0&!(4 10,25)
" COMPLEX TV(3; ;3),TL(3,3) ,EXCV(3) ,EXCL(3),BIV(3) ,BIL(3),B7

COMPLEX STV(3,3},CDUN(3
DIMENSION SA33(26),SB33(

DATA ISIGO /0/

READ (SCRFIL) WTDL,NORM
REWIND SCRFIL

REVIND COFFIL

READ (COFFIL) TELEM
DO 300 IV=i, RVK

V = VFS(IV)

NMU = KNMU(IV)

DO 200 IH=1,NHU

HDNG = KU(IE.IV)
SINNU ® SII’KDIG;
COSMU = COS(EDNG

CON = VeCOSNU/GRAV
DO 100 IW=1,NOMEGA
ALPHA = OMEGA(IW)sCON

3) SF3(25),SH3(26)

DMEGAE = ABS(OMEGA(IW)*(1.0-ALPHA))
IF (OMEGAE .LT. SIGMA(1)) OMEGAE = SIGMA(1)

WE = OMEGAE

WE2 = WEeWE

CALL FINTSP (OMEGAE)

DO 50 K=1 ,NSTATN
SA33(K) = 0.

SB33(K) = 0.

NPT = KOFSET(K)

IF (NPT .LT. 2) GO TO 50
M= (K-1)e10 + 1

CALL AMD (OMEGAE,STELEM(1
SA33(K) « REAL(STV(2,2))/
SB33(K) = AIMAG(STV(2,2))
CONTINUE

CALL AMD (OMEGAE,TELEM,TV,TL)
IF (ISIGMA .RE. ISIGO) CALL RDPELM

ISIGO = ISIGMA

CALL EXFOR (OMEGA(IW) ,OMEGAE.EXCV, EXCL RJV, HIL,H7 SF3,SH3)
WRITE (COFFIL) OMEGAE.TV,TL.EXCV, EXCL HJV, HIL K7
IF (LOADS) WRITE (LCOFIL) (SF3(1),sH3{I),$A33(1),SB33(1),1=1,

ASTATH)
CORTINUE
CONTINUE
CORTINUVE
REVIND COFFIL

RETURN
END

CORIWT

SUBROUTINE CONIVT (W, CELEM ¥NCDE)

SUBROUTINE TO GENERATE WEIGHTS FCR INTEGRAL ALONG CONTOUR
DEFINED BY PARAMETRIC SPLINE CURVE

INPUT

I

CELEW(8,J)),J)=i,  (WNODE-1)

PARAMETRIC SPLINE FIT TO HULL
CONTOUR IN ENDPOINT-TANGENT FORMAT-

X(0),Y(0),Dx(0),DY(0),X(1).Y(1,.DX(1).DY(1)

OUTPUT
W(J), )=y NWODE WEIGHTS SUCH THAT INTEGRAL OF F.DS

SuM OF F{J) (M)

COMMON /I0/ SYSFIL,PCTFIL.CCFFIL,LCOFIL,ICARD,TEXFIL, IPRIN,

< SCRFIL,HPLFIL

JLRAFIL ,ORGFIL ,RADFIL ,RMSFIL,SEVFIL,SPDFIL,




2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIK,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAQFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

SUTS'DIMENSION CELEM(S,9) JFELN(4,9)
DIMENSION TG(10) .LLDT(S)

DIMENSION A(5 5 IP(5),W(10)
DIMERSION 5 0),CF(4 ) cn(s) cc(e) CGI(R)
DIMENSION X(4),Y(4),STORCD(®,5)
DIMENSION SCR(3),xD$ (s) YDS(B) SUM(S)

IF (K .GT.1 WRI IP ,802) NNQDE
e g anine
%; :gggg.%;.g; g%égE (IPRIN,802) NNODE
602 FORMAT (' ERROR - CONIWT - NNODE = ',IS)
NELEM=NNODE-1
DO i1 I=1,NNQDE
TG(I)=I-1
1 CONTINUE
DO 2 1=1,NHODE
W(I)=0.0
2 CONTIRUE

= {it polynomial to dl/dt
* set up matrices

DO 3 I=1,6
T=0.25+(1-1)
A(I,1)=1.0
DO 4 J=2.6
A(T,))=TeA(1,)~-1)
4 CONTINUE
3 CONTINUE
CALL RDCOMP (6 ,5.A.IP)
IF (IP(5).EQ.0) ~ GO TO 101
DO 6 K=1,NELEM
X§J)=CELEHEI.K)
2)=CELEM(3.K)
3) 3.0 (CELEM(5,K)-CELEM(1, )
; =CELEM(7,K)+CELEM(3,K)+2.0e
CELEM(2.K)
§2)=CELEH(4.K)
35=3.0% (CELEM(6,K)~CELEM(2,K))-2.0+CELEM(4,K)-CELEM(8,K)
Y(4)<CELEM(8,K)+CELEM(4,K)+2. 0-(CELEH(2 X)-CELEM(6,K))

)-2.0¢CELEM(3,K)-CELEH(7 ,K)
(CELEM(1,X)~CELEM(S,K))

€ >4 D

* evaluate d1/dt at fave poants over (0,1)

CALL PDER (SCR,IDXD.X.4)
CALL PMPY (XDS,IDXDS,SCR,IDXD,SCR,IDID)
CALL PDER (SCR,JIDYD,Y,4)
CALL PMPY (YDS,IDYDS,SCR,IDYD,SCR,IDYD)
CALL PADD (SUM,IDSUM,XDS,1DXDS,YDS,IDYDS)
noée 1s1,5
T=0.25¢(T-1)
CALL PVAL (TEMP,T,SUM, IDSUM)
DLDT(I1)=SQRT(TENMP)

6 CONTINUE

* {1t polynomial to dl/dt
* evaluate patrax solutaon

CALL RSOLVE (5,56, ,DLDT,IP)
DO 7 1e1,§
STORCD(K,1)=DLDT(I1)

7 COETINUE

6 CONTINUVE

* calculate veights

DO 8 1I=1,NNODE




(o

50

- CALL SPFIT

1

101

601

DECK

[BAN)

I

DO & J=1,NNODE

F(J)=0.0

CONTINVE

F(1)=1.0

.FELM, NXQDE)

FELM(1,J)-FELM(2,3)/3.-FELM(4,2)/6.)
FELM(2,3))/6.

g™ g
N NN,
LS

CFES;=FELH(
CF

DO 11 X=i4,5
CD(X)=STORCD(J,K)

CONTINVE

CALL PMPY (CG,IDG,CD,5,CF,4)
CALL PINT (CGI,IDGI,CG,IDG)
CALL PVAL (VALO,0.0,CGI,IDGI)
CALL PVAL (VAL1,1.0,CGY,IDGI}
W(I)=W(I)+VAL1-VALO

CORTINRUE

CONTIRUE

RETURN
CONTIRUE
WRITE (IPRIN,601) IP(E)

STOP
FORMAT (' ERROR - CONIWT - IP(5) = ',I5)

ERD

CPFIT
SUBROUTINE CPFIT (X, Z, CELEMS, KPTS)

CPFIT CREATED FROM SPFIT E KN HUBBLE  JUNE 1977
FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS
TO SET OF COMS,LEX DATA POINTS

INPUTS
X = ARRAY OF REAL INDEPEEDERT VARIABLES
z = ARRAY OF COMPLEX DEPENDENT VARIABLES
NPTS = NUMBER OF (X,Z) DATA POINTS
RETURN
CELEMS = ARRAY OF (NPTS-1) SEGMEXTS IN FOLLOWING FORM

( (Z(I), D{I), Z(1+1}, D(I+1) ) , WHERE
D = ARRAY OF SECOND DERIVATIVES AT DATA POINTS

ARRAYS A,B,C ARE MAINLY SUB DIAG., DIAGONAL, AND SUPER DIAG

D ARRAY IS THE RIGHT HAND SIDE OF MATRIX EQUATION

SECOND DERIVATIVES AT KODES ARE PLACED IN D ARRAY AFTER SOLUTION
SOLUTION TECHNIQUE 1S GAUSSIAN ELIMINATION

BOUNDARY COKDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

COMMOR /I0/ SYSFIL PCTFIL .COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL ,BPLFIL LRAFIL ,ORGFIL, RAOFIL RMSFIL,SEVFIL,SPUFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL.LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL ORGFIL RADFIL RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL, LACFIL

COMPLEX Z, ZDD, STORE, D, CELENMS
DIMENSION X(NPTS),Z(NPTS),CELEMS(4 RPTS)
DIMENSION A(1GO), B(3100), C(100), D(100)

X = WPTS

NLl = K - 1
L2 = K - 2
PO 60 1=2,N

IF (x(I) .GT. X(I-1)) GO 70 sC
WRITE (IPRIN,888) X(I-1).X(1)
GO TC 88882

CONTINUE

lres
-1




100

125

250

278

IF (N .LE. 100) GO TO 100

WRITE (IPRIN,909)
N = 100

IZ(3)~-(X(3)-X(1))=2(2))

VN

v
b-lf\
N’ b
~—r
S

CORTINUE

£LO 200 I=x5,K
A(T)
B(I
c(IX .0

DIy (0.0, 0.0)
CONTINUE

fnnnn
[& L]
o

set up matrices (a tridiagonal structure)
(1(3) X{(2))/(x(3)-x(1))
1 0 ~ Agi

6.08((Z(3)-27 2\)/(X(3) =X(2))-(2(2)~2(1))/
(1))){5?(3) 21

im0

[ Y ey

MR OE TN I

=3 KL1
S - x(n)
/ (B+HP)

(o0 R
~~ [V

OMMNHHV
o

+1
.0
.0 - EI

00 ((2(1+1)-Z(1))/BP-(Z(1)=-Z(1~-1})/B)/(HP+R)

OXO»DOANTM~ODO >
£ A~ M~
1 et et

-3

~:
SO NN NSO~

[
[32]

set boundary conditions
(x(2)—xu))/(1(3) X(2})

-1 0 C(2)

~A(2)%A(1)/B(1) ¢ C(2)

(0.0, 0.0)

(X(E)-X(H=1))/(X{B-1)-X(N-2))
-1.C - C(E}

10

(0.£, 0.0)

D
AN
"W

LIS N VI | O T T

Ow»OTOHW»> O

solvs egquations

0F-06) GZ TO 278
E(1)

CORSTeCl /D
CORST=D{ 1>

GO TO aovu

Krel (1 » Bl

[N




END

C DECK RLITER

SUBR?UTINE RLITER (SPINDX,TOINDZ,NSPIND,KTCIND,DATA,IC,RLCALC,
2 LOLL

- roll iteration

COMMOR /DATINP/ OPTK,MOTN,5SCFIL,VLACPR,RAQOPR,RLDMPR,DISPLNT,
LRAOPR,ADRPR,ORGOPTN ,GMNOM ,KG,STATN (26} ,NSOFST(25),
NLEWF(25) ,HLFBTH(10,25) ,NTRLNE(10,25) ,BLEWF(25) ,TLLWF(25),
AREALF(26) NPTLOC,PTRUMB(10) ,PTNAME, XPTLOC(10},YPTLOC(10),
ZPTLOCEIO ,NBB,FBNUMB(10) ,FBNAME,XPTFBD(10) ,YPTFBD(10),
ZPTFBD(10),FECODE(10) ,FBTYPE,RDCT(10),VKDES, FNDES,
STATNM,_CTATIS i
CHARACTER®4 PTNAME(8,10) ,F3NAME(®,10) ,STATNM(B) ,FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
2 FBNUMB,PTNUMB,ORGOPTN

REAL KG

NN

COMMOF /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGXA,NSIGMA,S1GWH,
1 NSIGVH,TMODAL,NTMOD,NRANG.RANG,RLANG,S,NNMU, FRKUM,VFS
INTEGER NVK,NMU,NCMEGA,NSIGMA,NSIGWH,NTMOD, NRANG,NNMU(8)
REAL VK(8),4U(37,8),0MEGA(30).STGMA(10),SIGWH (4} . THODAL(8),
2 RANG(8),RLANG(8).5(30,8) ,FRNUM(8),¥FS(8)

COMMON /IKDEX/ PFIDX,LPFIDX,RMIDX,LRMIDZ,SVIDX,LSVIDX
INTEGER LPFIDX,LRMIDX,LSVIDX
REAL PFIDX(QBES,RHIDX(183).SVIDX(?)

COMKMCY /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RADFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

IHTLGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TCXFIL,IPRIN,
SCRFIL,RPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SFTFIL,LACFIL,LAEFIL

RN

t2 0

CCMMON /RESPN/ WRESP,IPCINT(182;,IMOTN(182),ITYPE(182),
ILIN(182) ,ISYM(182)
LOGICAL ILIN,ISYHM

N

LOGICAL LINEAR,SYMMET
DIMENSION DATA(432),SPINDX(8),TOINDX(8),RLCALC(E,24),
2 RGCuwn(13,64%,4)

Ih =1
DO & N=1,NRESP
IF (IMOTN(N).EQ.4 .AMD. ITYPE(N).EQ.1) IR = N
& CONTINUE
KR = IR + 1
LINEAR ILIN(IR)
SYMMET ISYM(IR)
NPREDH 13
NDATA = (2 + 2#NRANG)*NPREDH
N0 300 IS=1,NSIGWH
¥ =0
CON = SIGWH(IS)*STATIS
DO 200 ITO=1,NTHMOD
DO 100 IV=1,NVK
K=K+ §
CALL FETCH (KR,IV,ITO,DATA,BEMIDX,SPINDX,TOILDX,NDATA,LRMIDX,
NVK,NTKOD ,RMSFIL)
I, = 2¢NPREDH
DO 10 IA=1,NRANG
DO 10 IH=1,NPREDI
IF éIC LEQ. 1) TEMP = DATAEL+1)
IF (IC .EQ. 2) TEMP = DATA(L+2)
L=L+2
RLCALC(IA,IH) = TEMPeCON
10 CONTINVE
DU 50 IH=1,NPREDH
CALL RLITRK (RLANG,NRANG,RLCALC(:,IH) ,ROLL(IH,K,1S))

wnn
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60
100
200
300

C DECK

10

20

30

40

C DECK

20

30
40

CONTIKUE
CORTIRUE
CONTINUE
CONTINUE

RETURK
END

RLITR
SUBROUTINE RLITR (RLANG,NRANG,RLCALC,RLANS)

DIMENSIOF RLANG(8),RLCALC(8),DIFF(8),ELM(4,8)

DO 10 IA=1,NRANG

DIFF(IA) = RLANG(IA) - RLCALC(IA)
CONTINUE

X0 = 0.

IF (X0 .GE. DIFF(1)) GO TO 20
KLANS = RLCALC(1)

GO TO 40

IF (X0 .LE. DIFF(RRANG)) GO TQO 30
RLANS = RLCALC(NRANG)

GO TO 40

CATL SPFIT (DIFF,RLANG,ELM,NRANG)
CALL SPLVAL (DIFF,NRANG,ELM,0.,RLANS,DUM,IELM)
CONTINUE

RETURN
END

EMS
SUBROUTINE RMS (KREC,RAQ1,RAQ2,IT,N,R,B2,NPREDH,NLCH,N1{,N2,DATA,
IRES®,RBETA)

COMMON /ENVIOR/ VK.HNVK,MU,NMU OMEGA,NOMEGA,SIGMA NSIGMA,SIGWH,
METIGWH, TMODAL  NTMOD,NRANG, PANG ,RLANG,S , NNMU FRNUM ,VFS

INTEGER KRVK, NMU,NOMEGA,NSIGMA ,NSIGWH NTMOD,NRANG,NNMU(8)

REAL VK(8) ,MU(37,8),0MEGA(30),SIGMA({10),SIGWH(4),TMCDAL(B),
RANG(8) ,RLANG(8),5(30,8) ,FRNUM(8) ,VFS(8

DI?EN?ION DATA(432),KREC(13),RA01(30,8,13) ,KA02(30,8,%1),R(30),
B2(36
REAL LH5(24)

CONTINUE

L = 2+NPREDH

DG B0 IA=1,N

DO 40 IH=1,NMU

It = F1 + IH

I2 = N2 - IH

IF (12 ,LE. 0) I2 = 12 + NBETA
iF (KREC(IHK) .G6T. C) GO TO 10
LMS(I1) = O.

GO TO 49

DO 20 I=1,NJOMEGA

R(I) = RAO1(I,IA,IH)eS(I,IT)
CALL ALGRNG (NOMEGA,OMEGA,R,LMS
IF (KEEC(IH) .EQ. 1) LMS(I2) =
IF (XKREC(IH) .EQ. 1) GO 73 40
KH = IH - 1

DO 30 I=1,NOMEGA

R(1) = RAO2(X,IA,KH)+S(1,1T)
CALL ALGRNG (NOMEGA,OMEGA,R,LM5(I2))
CONTINUE

-
1

(11))
LMs(I1)

DO 50 IPH=1 NPREDH
CALL XMSSC (IPH,82,LHS.NLCH,RHSLC,RHSSC)
IF (IRESP .E?. 7) GC TO 4%

RM

EMILC = SQRT(RMSLC)
KM3SC = SQRT(RMSSC)
L =L+1

DATA(L) = RMSLC

186

I W e




60
60

¢ DECK

[SE MRS r) PR ON

(L 19N S X V]

[0 S SRS

L=L+1
DATA(L) = RMSSC
CORTINUE
CORTINUVE

RETURE
END

RMSOUT
SUBROUTINE RMSOUT

COMMON /DATINP/ OPTN.MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLHT,
LRAOPR, ADRPR,ORGOPTN,(MNOM,KG,STATN(25) ,NSOFST(25),
NLEWF(25) ,HLFBTH(10,2¢ ) ,WTRLNE{10,25) ,BLEWF(25), TLEWF(25),
AREALFEQS;,HPTLOC.PTNUHB(IO),PTNAHE,XPTLOC(lO),YPTLOC(lO).
ZPTLOC(10) ,NBB,FBRUMB(10),FENAME, XPTFED(10),YPTFBD(10),

21 TFBD(10) ,FBCODE(10),FBTYPE,RDOT(10), VKDES ,FNDES,
STATNM,STATIS

CRARACTER*4 PTNAME(8,10) ,FBRAME(S,10),STATKM(3) ,FETYPE(3,10)
INTEGER OPTN,MOTK,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
FBNUMB,PTRUMB,CRGOPTN

KREAL KG

COMMOE /ENVIOR/ V¥, NVK,MU,NMU,OMEGA,NOMEGA,SIGMA NSIGMA,SIGWH,
NSIGWH, TMODAL ,NTMOD.NRANG,RANG,RLANG,S NNMU,FRNUM,KVFS

INTEGER NVK,NMU,NOMEGA,NSIGMA NSIGWH, NTMOD,NRANG NNMU(8)

REAL VK!8).MU(37.R) OMFGA(30),SIGMA(10),SIGWH(4),THODAL(8),
RAHG(B),RLANG(B),S(BO,U).FRNUH(B),VFS(BS

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GH,DELGM,NEBLA,XPI1 oR,KROLL,KYAW,KYAWRL , AWP,VCB,FBDX, FBDY,
FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB, GML,ASTAT,BSTAT, TITLE, MASS,
DISPLM, IPITCH, IROLL,IYAW,IYAWRL, CEEAVE,CPITCH,CHZAPT,CROLL,
AREAMX ,WSURF,GIRTH,FBDZV.DBLWL, TLCB

INTEGER NSTATN ,NOFSET(25),NFREBD,NPTS

CHARACTER#*4 TITLE(20)

REAL X(25),Y(10,25),2(10,25) ,FBDZV(8,10),LPP BEAM ,DELWL, TL.CB,
DRAFT,LCF,VCG,GM DELGY, NEBLA,KPITCH,KROLL KYAW,KYAWRL, AP, VCB,
FBDX(10) ,FBDY(10),FBDZ(10),XPT(10),YPT(105,2PT{10),LCB,GML,
ACTAT(255,BSTAT(28) ,MASS ,DISPLM, TPITCH, IROLI., TYAY
IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL , AREAMX ,WSURF ,GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX ,LRMIDYX, LSVIDX
REAL PFIDX(2355,RHIDX(183),SVIDX(3)

COMMON /I0O/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAQFIL ,RMSFIL,SEVFIL. SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL ICARD,TEXFIL, TPRIN,
SCKFIL,HPLFIL,LRAFIL ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMCN /LOADS/ NLOADS,SWGHT(25),SMASS(25),XLDSTN(10),XLDXPT(25),
LSTATN(25)

COMKON /PRYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GNU,RHOS,RKOI,GNUS , GNUF ,TTMETR ,PUNITS,REYSCL

COMPLEX II

CHARACTER#4 PURITS(2)

KEAL TPI,PI1,PIOT,DEGRAD,RADDEG,VKMETR ,METRVK,GRAV,RHO,GNU, RHCS,
RHOF,GNUS,GNUF ,FTMETR

COMMON /RESPN/ NRESP, (FOINT(182),IMOTM(182),ITYPE(182),
ILIN(182),ISYM(182)
LOGICAL ILIN,ISYM

COMMON /SEVERE/ KRSIWD,RSIKDX,NSWIND
REAL RSINDX(14),SWINDX(5),RSVTQE(402)
INTEGER KV(13),RH(13)

COMMON /SMPSYS/ FI1S,A5,S1S,505,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,

SWINDX ,RSVTOE,RV,RH




SMPOS,SMPDS,SRPTYPS,SEIPS,VARS,CYCLS, TITLES,OPTION,LSIS,LSOS,
LSDS,LEALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS ,LSHPTYPS,
LSHIPS,LTITLES

CHARACTER*160 AS

CHARACTER®80 FIS,SIS,S0S,SDS,TITLES
CHARACTER*20-HALOS,DEV,PRN,SMPPS,SHPIS,SMPOS,SMPDS, SHPTYP3
CHARACTER SHIPS#6,VARS#2,CYCLS*2

INTEGER=*2 OPTION

DIMENSION 110(911g,YID(182,5)

DIMENSION IMODL{4),LSVRSP(13)

CHRARACTER*4 RTITL(2),RTYPE(3),RUNIT(3),RSPNME(2,13)

CHARACTER#1 BLANK,BT(80)

CHARACTER*2 AC(2) ,AT,AVK

CHARACTER*10 PARS1

CHARACTER*110 PARS,SEA

CHARACTER#*1C0 PARS2

DIMENSION HDNG§24)

DIMENSION DATA(432),SPINDX(9),TOINDX(9),RM4S(8,24) ,ROLL(13,64,4),
2 ELM(4,8) ,RMSTBL(25,2,8) ,TOET8L(25,8,8), TEMRMS{13) ,TEMTOE(13)

DIMENSION INDXRL(25),INDXHD(Z25),HEADNG(26)}

LOGICAL LINEAR,SYMMET

IRTEGER TOETBL,HEADNG,TEMTOE

EQUIVALENCE (IPOINT,YID),(XID,MRESP)

CHARACTER*4 METER,MET,FT,ACOND(3,2),BS,SUNIT

N

DATA METER,MET,FT /’METE’,' M, ’,’ FT,’/

DATA LSVRSP /3,5,2,4,6,9,8,9,8,9,8,9,8/

DATA RSPNME /'HEAV',’E’,'PITC’','H’." SWA',-Y',' ROL','L’,
" YA’,’'W',’PI1VA’,°C’,’P1LA’,’C’,"F2VA’,’C’.'P2LA’,’C"’.,
'P3VA’.°C’.’P3LA’,’C’,'P4VA",’C’,"P4L"" . C"/

DATA INDXRL /1,2,3,4,5,6,7,8,9,10,11,12,13,12,11,10,9,8,7,6,5,4,

3,2,3/

DATA INCXHD /13,12,11,10,9,8,7,6,5,4,3,2,1,24,23,22,21,20,19,18,
17,16,15,14,13/

DATA HEADNG /0,15,30,45,60,75,90,105,120,135,150, 165,180,
360,345,330,315,300,285,270,255,240,225,210,1958 180/

DATA BNNG /0, 1K, ,30.,45.,60,,75.,90.,105.,120.,135,,150.,165 .,
180.,185.,210,,225.,240.,265.,270.,2856.,300,,315.,330.,345./
DATA AC /'LC?,’SC'/

DATA BLANK /'’ '/

DATA ACOND /'LONG?',°'CRES’','TED *',’SHOR’,’TCRE’,’STED'/

NSVRSP = 13

NHEAD = 24

RSPIRD = KVK + 1
NTOIRD = NTHMOD + 1
NID = 911

[S 2N S IS S

FIS = SDS(1:LSDS)//’' .RMS?
OPEN (UNIT=RMSFIL FILE=FIS,3TATUS='UNKNOWN',
ACCESS='DIRECT',RECL=175C)

L)

* modified to run on VAX/VMS
» CDC CALIL READMS (RMSFIL,XID,NID,1)

READ (RMSFIL,REC=1) (XID(I),I=1,432)

READ (RMSFIL,REC=2) (XID(I),1=432,796),L

IF (L .EQ. NID) READ (RMSFIL,REC=3) (XID(I),I1=787,911)
*  ClC L = LENGTH(KMSFLL)

¥ = (L-1)/86
IF(L .NE. NID) M = 159

159 means RMSFIL wvas generated by SMPB1
- 10¢ neens RMSFIL was generated by SMPB4
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750

760
770

YID(I,J) = XID{K)
CONTINUE

NRESP = MRESP

DO 770 IS=1,MSIGWH

find most probable period

SWH = SIGWH(IS)
IT {PUNITS(1) .NE. HETER) SWH = SWHeFTMETR

significant wave height ranges below are in meters
sea state 1
IF (SWH .LE. 0.59) PER = 5.0
tea state 2
IF (SWH.GT.0.59 .AND. SWH.LE.:1.26) PER = 5.0
sea state 3
IF (SWH.GT.1.26 .AND. SWH.LE.1.73) PER = 7.0

sea state 4

IF (SNH.GT.1.73 .AND. SWH.LE.2.24) PER = 7 ©
soa state &
IF (SWH.GT.2.24 .AND. SWH.LE.2.87) PER = 9.0

gea state 6

1r (SWR.GT.3.97 .AND. SWH.LE.6.34) PER = 11.0
sea state 7

IF (SWH.GT.6.34 .AND. SWH.LE.12.28) PER = 15.0
sea state 8

IF (SWH.GT.12.29 .AND. SWH.LE.18.77) PER = 19.0
greater than sea state 8
Ir ?SUH .GT. 18.77) PER = 19.0
IF (PER .LT. THODALEI)) PER = TMODAL(1)
IF (PER .GT. TMCDAL
IMODL(IS) = i

DO 760 LT=1,NTMOD
IF (ABS(PER-TMODAL(LT)) .LT. 0.0001) IMODL(IS) = LT

NTMOD)) PER = TMODAL(NTMOD)

CONTINUE

CONTINUE

ISKPSV = 0

IF (IMOTE(1) .NE. 1) ISKPSV = 1
ISKPSV = 0 all motions - output severe motion tables
ISKPSV = 1 roll motion only - skip severe motion tablss

1F (ISKPSY .L3. 1) GO TO 8290

FIS = SDS(1:LSDS)//"'.SEV’®
OPEN (UNIT=3pVFIL,FILE-FIS,5TATUS="UNKNOWN ",
2 ACCESS=’'DIRECT',RECL=1620)

NSVRSP = § + 2+NPTLOC

IF (NSVRSP .GT. 13) NSVRSP - 13
CALL SETSEY (NSVRSP,LSVRSP)
NRSIND = NSVESP + !

NSWIND = NSIGWH + 1

TLELw = 0
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B20 CONTINUE

L=-3
DO 2 I=1,20

L=L+4&
= + 3 .
READ (TITLE(I),5000) (BT(J),J=L,K)
§000 FORMAT (441)
2 CONTINUE
L=0
DO ¢ I=1,80
L=L+1
IF (BT(I) .NE. BLANK) GO TO 6
4 CONTINUE
6 CONTINUE
IF (L.EQ.o0 .AND. BT(80).EQ.BLANK) L = 1
M=L+ 9
IF (M .GT. 80) M = 80
WRITE (PARS1,5010) (BT(I),I=L, M)
5010 FORMAT (10A15
WRITE (PARS32,5020) TITLE
5020 FORMAT (2044,20X)

» write to speed polar data and text files
FIS = SDS(1:LSDS)//'.SPD’
OPEN(SPDFIL,FILE=FIS,ACCESS='DIRECT’,STATUS= UNKKOWN’,
2 FORM='UNFORMATTED’ ,RECL=768)

FIS = SDS(1:L8D5)//’ .SPT’
OPEN(SPTFIL,FILE=FIS,STATUS="'UNKNOWN')

WRITE %SPTFIL,BO?Q) PARS1,PARS2

5022 FORMAT(A10/A100)
PRIDIR = %0.
SECDIR = O.

WRITE ESPTFIL.5023) NVK,NHEAD
5623 TFORMAT(21I6)

WRITE §SPTFIL,5024) EVK(IV),IV=1,NVK)

WRITE (SPTFIL,5024) (HDNG(IH),IH=1,NHEAD)
£024 FORMAT(8F10.4)
. loop over longcrasted, shortcrested waves

DD 500 IC=1,2
CALL RLITER (SPINDX,TOINDX,NSPIND,NTOIND,DATA,IC,RMS,RO.L)

* change for VAX/VMS version

« CDC CALL STINDX (SEVFIL,RSINDX,NRSIND)
= CDC DO 7 I1=1,NRSIND

» CDC _ RSINDX(I) = O.

* CDC 7 CONTINUE

. loop over response

DU 400 IKk=1,NKESP
JR = 0
IF (ISKPSV _EQ. 1) GO TO 19
DD 16 LR=1,NSVRSP
IF (IR .NE. LSVRSP(LR)) GO TO 18
JR = LR
GO TO 19
18 CCNTINUE
19 CONTINUE

KR = IR + 1
IP = IPOIKT(1R)
IM = IMOTN(IR)
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CcDC
cDc
chC
cne
CcdC

IT = ITYPEQ1R) .
CALL RSTITL (IP,IM,IT.RTITL,RTYPE,RUNIT,PARS) .
LINEAR = ILIN(IR)
SYMMET = ISYX(IR)
NPREDR = 13 .
%F (.NOT. SYMMET) NPREDH = 24 -

¥=1
IF (.NOT. LINEAR) K = NRANG
NDATA = (2 + 2«N)«FIRECH

change fcr VAX/VMS version
IF (JR .EQ. 0) GO TO 21
CALL STINDX (SEVFIL,SWINDX,NSWIND)
DO 8 I=1,NSWINKD
SWINDX(I) = 0.
3 CON.uNUE

CbC2. CONRTIRUE

loop over significant wave height

loop over modal wave period

DC 300 IS=1,NSIGWH
CON = SIGWH(IS)=*STATIS
IF (IN.EQ.15) CON - SIGWH{IS)

K=0

DO 200 ITO=1,NTMOD .

SWHMAX = .202+«THODAL(ITO)#»2

IF (PUNITS(1) .EQ. METER) SWHMAX = SWHHAX*FTMETR

loop over speed

2

DO 100 IV=1,NVK

K=K+ 1

IF (SIGWH(IS) .GT. SWHMAX) GO TO 109 ‘
CALL FETCH (KR,TV,ITO,DATA,KMIDX,SPINDX,TOINDX NDATA,LRKIDX, .
NVK,NTMOD,RMSFIL)

lcop over heading i

10

20

30

35
40
50

L = 2+NPREDH

DO 10 IA=1,N

DO 10 IH=1,NPREDH

IF EIC .EQ. 1) TEMP = DATA(L+1)

IF (IC .EQ. 2) TEMP DATA(L+2)

L=L+2

R¥S(IA,IH) = TEMP=COM i
CCNTINUE

N1 = NHEAD + 1
DO 60 IH=1,6N1
IF (IH .GT. NPREDK) GO TC 50

LH = INDXHD(IH)

JC = (IK-1)#*2 + IC \
IT (.NOT. LINEAR) GC TV 20 i
RMSTBL(LH,ITO,1V) = RMS(1,IK)

GO TO 40

KHE = INDXRL(IH)

RLCALC = ROLL(KR,K,IS)

IF (RLCALC .GE. HLANG(1)) GO TO 3¢C

RMHSTBL(LH,ITG,IV) = KMS(1,18)

GO TO 40

IF (RLCALC .LE. RLANG(NRANG)) GO TOU 35

RMSTBL(LH,ITO,IV) = RMS(NRAKG,IH)

GO TC 40

CALL SPFIT (RLANG,RMS{1,IL; ELM NRANG)

CALL SPLVAL (RLANG,NRANG,ELM,RLCALC,RMSTBL(LH,1TO,IV), PUM,IELM)

TOETBL(LH,IT0,IV) = DA1A(JC) + .5001

GO TO &0

JH = INDXRL(IH)
RMSTBL(IN,I70,1IV)
TOETEL(IH,ITO,1IV)

PMSTBL(JH,T1TO,1V)
TOETBL(JH,1TO,1IV)
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60 CORTINUE

I 100 CORTINUE
’ IF (SIGWH(IS) .GT. SWEMAX) GO TO 200
TOEMIN = 08.0
TOEMAX = 0.0
RMSMIN = RMSTBL(1,ITO,1)
RMSMAX = RMSMIN

DO 120 IV=1,NVK
DO 110 IH=1,NHEAD
TEMP = RMSTRLEIH,ITO.IV)

VTMP = TOETBL(IH,ITO,IV)

IF §VTHP .GT. 99.) VIMP = 89.

IF (TEMP .LT. RMSMIN) RMSMIN = TEMP
IF (VTMP .LT. TOEMIN) TOEMIN = VTMP
IF 2VTHP .GT. TOENAX; TOEMAX = VTMP
IF (TEMP .LT. RMSMAX) GC TO 110

RMSMAX = TEMP
iF §JR EQ. 0) GO TO 110

IF (ITO .NE. IMCDL(IS)) GO TO 110

IF (SYMMET .AND. IH.GT.13) GO TO 110
HXV = IV

MXH = IH

110 CONTINUE
120 CONTINUE
IF EJR .EQ. 0) GO TO 150

IF (ITO .NE. IMODL(IS)) GO TO 150
RSVTOE(1) = MXV

RSVTOE(2) = MXR

IE = 2

DO 130 IV=1,NVK
DO 130 IH=1,NHEAD

1E = 1IE + 1
RSVTOE(IE) = RMSTBL(IH,ITO,IV)
IE = IE + 1

RSVTOE(IE) = TOETBL(IH,ITO,IV)
130 CONTINUE

* %rite to severe moticn file
- change Zov VAX/VMS version
= CDC CALL WRITMS (SEVFIL,RSVTOE,IE,IS)

NRECD = NRECD + 1
WRITE (SEVFIL,REC=NRECD) RSVTOE

150 CONTINUE
* write to speed polar tile

ISIGWH = SIGWH(IS)*100.
1F éISIGHH .GE. 1000) WRITE (BS,3001) ISIGWH
IF (ISIGWH .LT. 1000) WRITE (BS.3C -2) ISIGWH
IF §ISIGHH LT. 100) WRITE (es,aooa; 1SIGWH
IF (ISIGWK .LT. 10) WRITE (BS.3004) ISIGWH
3001 FORMAT (14)
3002 FORMAT (1HO,I3)
3003 FORMAT (2H00,12)
3004 FORMAT (3H000,I1)
3000 FORMAT (1HO,I1)
3010 FORMAT (I2)

ITMODL = TMODAL(ITO) + .5

IF (ITMODL .LT. 10) WRITE (AT,3000) ITMODL

IF (ITMODL .GE. 10) WRITE (AT.3010) ITMODL

SUNIT = MET

IF (PUNITS(1) .NE. METER) SUNIT = FT

WRITE (SEA,3020) BS,AT.AC(IC),SIGWH(IS),SUNIT,TMODAL(ITO),

2 (ACOND(T.I(),T=1,3) (STATNM(I), I=1,3)
2C20 FORMAT (2HBR,A%,2A2,32H BHETSCHKETDER SEAWAY - S1GWH =,F6.2,4A4,
2 10K TMODAL =,F6.2,7H SEC, ,3A4,4X,3A4,7X)

WKITE (SPTFIL.5025) PARS,SEA
5025 FORMAT(A119)

WRITE (SPTFIL,5026) RESMIN,RMSMAX,10EMIN, TOEMAX
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5026 FORMAT(4F10.§
VRITE ESPDFILg Egnxsraz(ra,xro,xv),1v=1,wvx),1n=1,nnsxn;
WRITE (SPDFIL TOETBL{IY,ITO,IV)  IV=i,NVK) IN=1,KHEAD
200 CONTINUVE
IF (iT GT. 1 .AKD. VLACFK.EQ.0) GO TO 300

print RMS/TOE tables

N 260 IFLGE=1,2
IF (IPAGE.EQ.2 .AND. SYHMET) GO TO 250
WRITE (IPRIN,10C0Q) TITLE
FORMAT (1H1,22X,20A4)
IF glc .EQ. 1) WRITE {IPRIN,1010)
IF (I .EQ. 2) WRITE (IPRIN,61020)
FORMAT 2/58X,11HL0NGCR£STED
FORMAT (/68X,12HSHIRTCRESTED)
IF (PUNITS(1) .NE. NETER) WRITE (IPRIN,1030) SIGWE(IS)
FORMAT (45X,25HSIGNIFICANT VWAVE ACIGHT =,F6.2,5H FEET)
IF (PUNITS(1) .EQ. METER, WRITE (IPRIN,1031) SIGWH(I)
FORMAT {45X,25HSIGNIFICANT WAVE HEIGHT =,F6.2,7TH METERS)
1¥ (IP.GT.0 .AND. IN.LE.3) WRITE (IPRIN,1032) (PTNAME(I,IP),
1=1,8) ,XPTLOC(IP),YPTLOC(IP),ZPTLGC(IP)
IF (IP.GT.O .AKD. IM.EQ.15) WRITE (IPRIK,1032) (PTNAME(I,IP),
2 I=1,2) XPTLOC(IP),YPTLOC(IP), 2P /LOC(IP)
FORMAT (/27X ,8A%,2X,SHXFP = F7.2,2X,5HYCL =,F7.2,2X,5H2BL =,F7.2
IF (IP.GT.O .AND. IM.EQ.8) WRITE (IPRIN,1033; (FBNAME(I,IP),
I=1,5),XPTFBD{IP),YPTFBD(IP),2PTFBD(IP)
FORMAT (/33K,5A4,2X 5HXFP =,F7.2,2X,5KYCL =,F7.2,2X,5H28L =,F
IF (IP.GT.O .AND. (IM.GE.10 .AND. IN.LE.14)) WRITE (IPKIN,107
XLDSTN(IP)
FORMAT (/58X,7ESTATION,FS5.1)
1F (IM NE.15) WRITE (IPRIN,1034, RTITL,RTYPE, RUNIT
FORMAT (/54X A4, 1Y, 3A4/5BY, 344)
IF (IM.EG.1S8) WRITE (1FRIK,1035)
FORMAT(/50Y ,26HHORIZONTAL FORCE ESTIMATOR/58Y,4H (G))
IF §IH.LT.4 JAhu. 1T £0.2) WRITE (IPRIN,1036)
IF (IM.EQ.15) WRITE (IPRIN,1036)
FORMAT (58X ,12H(ACC. X 130))
IF (IF.GT.0 .AND. (IM.GE.10 .AND. IM.LE.11)) WRITE (IPRIN,1063)
FORMAT (/57X,14H(FCRCE / 100 ))
IF (T£.G1.C .AND. (IM.GE.12 .AND. IM.LE.14)) WRITE (IPRIN, 1065)
FORMAT (/54X,16H(KOMENT / 10000))
IF (IN .EQ.7) WRITE (IPRIN,1038)
FORMAT (57X, 14E(FORCE / 1000)}
¥ (I%.NE.:E; WRITE {IPRIN 1040)(STATNM(I),1-1,3)
TF (IM.EQ.15) WRITE (IPRIN,1041)
FORMAT (/40X,3A4,298 VALUE / ENCOUNTERED MCDAL PERIOD (TOE))
FORKAT(51Y ,42HRMS VALUE / ENCOUNTERED MODAL PERIOD (TOE))
IF (IPAGE .EQ. 2) GO TO 228

7.
3)

- P
-

starboard headings

WRITE (IPRIN,1042) (HEADNG(IH),IH=1,13)
1042 FORMAT (/5BX,20HSHIP HEADING ANGLE 1N DEGREES/4X,1HV,62X,2HT0,7X,
2 4HHEAD, 47X ,9HSTBD BEAM,46X,6HFOLLOW/10X,13(6X,I4})
DO 220 IV=1,NVK
IVK = VE(IV) + .5001t
WRITE (AVK<1045) IVK
FORMAT (12}
WRITE (IPRIN,1050)
FORMAT (iR )
DO 220 ITO=1 NTMOD
SWHMAX = .202¢TMODAL(ITO)es2
IF (PUKITS(1) .EQ. METER) SWHMAX = SWHMAX«FTMETR
IF (SIGWH(IS) .GT. SWHMAX) GO TO 220
IMP = TMODAL(ITO) + .600O1
DO 210 TH=1,13
TEMPMS(IH) = RMSTBL(IH,ITO,IV)
IF (IM.EQ.15) TEMRMS(IH) = TEMRMS(IH) *= 100
IF (IM.LT.4 .AND. IT.EQR.2)
TEMRMS{IH) = TEMRMS(IH) * 100
I¥ (IM _EQ. 7) TEMEMS(IH) = TEMRMS(IH) / 1000.




(]

IF (IP.GT.J .AND. (IM.GF.10 .ANKD. IM.LE.11)) TEMRKS(IRK)
2 TEMRMS{IH)/100
IF (IP.GT.0 .AND. (IM.GE.1Z .AND. 1M.LE.14)) TEMRMS(IR)
2 TEHRHS(IH%/IOOOO
TEMTOE(IH) = TOETBL(IH,1TO,IV)
IF(1EMTOE(IE) .GT. 99) TEMTOE(IH)=99
210 CONTINUE
WRITE (IPRIN,1062) AVK,IMP, (TEMRMS(IR),f TEMTOE(IHN),IH=1,13)
1052 FORMAT (3X,A2,2X,I2,3X,1371X,F5.2,18/,12))
AVK = BLANK
220 CONTINUE
GO T0 280

"

* port headings

225 WRITE (IPRIN,1043) (HEADNG(IH),IH=14,26)
1043 FORMAT (/5B8X,29HSHIP HEADING ANGLE IN DEGREES/4X,1HV,2X,2HTO,7X,
2 4HHEAD,47X,SHPORT BEAM,4GX,6HFOLLOW/10X,13(6X,13))
DO 240 IV=1,¥VK
IVK = VK(IV) + .5001
WRITE gAvx,1045) IVK
WRITE (IPRIN,1050)
DO 240 ITC=1,NTMOD
SWHMAX = .202#THODAL(ITO)ee2
IF (PUNITS(1) .EQ. METER) SWEMAX = SWHMAX¢FTMETR
IF (SIGWH(IS) .GT. SWHMAX) GC TO 240
IMP = TMODAL(ITC) + .5001

LH = 26
DO 230 IH=1,13
LH=1R -1

TEMEMS(IH) = RMSTBI (LH,ITO,IV)
IF (I¥.EQ.15) TEMRMS(IH) = TEMRMS(IH) = 100
IF ((IM.LT.4 .OR. IM.EC.9Q) AND. IT.EQ.3)
TEMRMS(IH) = TEMRMS(IH) * 100
IF (IM .EG. 7) TFMRMS({IH) = TEMRMS(IH) / 1000.
IF (IF.GT.0 .AND. (IM.GE.1G .AND. IM.LE.11)) TEMRMS(IH;
TEMRMS (IH)/100
e IF (IP.GT.0 .AND. (IM.GE.12 .AND. IM.LE.14)) TEMRMS(IK)
: 2 TEHRMSEIH‘/iOOOC
TEMTGE({TH) = TOETBL(LH,ITO,IV)
IF(TEMTOE(IR) .GT. 29) TEMTOE(IH)=99
, 230 CONTINUE
" WRITE (IPRIN,1052) AVK,IMP, (TEMRMS(IH),TEMTOE(IH),1H=1,13)
5 AVK = BLANX

=]

(%)

K 240 CONTINUE
b 250 COMTINUE
‘ 360 COKTINVE

* change for VAX/VMS version

* CDC IF (JR .EQ. 0) GO TO 310

= (CDC CALL STINDX (SEVFIL, RSINDX,NRSIKD)

» (DT CALL WRITMS (SEVFIL,SWINDX, MSWIND,JR)
= C{DC310 CONTINVE

IF (IM.EQ.8 .AND. IT.EQ.2) CALL DKWSLM (KR, I., I¥ NPREDE,N,NDATA,
2 DATA,INDXRL,INDXHD,KEADKG,HDNG,LINEAR,SYMKET ,SPINDX,TOINDX,IF,
2 RMSTBL,TOETBL,RMS,RCLL)

X 400 CONTINUE

* change *or ViX/VM3 version
» (°C IF (ISKPSY .EQ. 1) GO T 410
. * CPC CALL STINDY (SEVFIL,SVIDY,LSVIDI)
- + CCC CALL WRITMS (SEVFIL,83INLCX,NRSIND,IC)
* CLC410 CONTINUE

500 COKTINUE
CLOSE (UNIT=RMSFIL)
IF (ISKPSY _EQ. 0) CLCSE (UKIT=SEVFIL)

CLCSE (UNIT=SPDFIL)
CLGSE (UNIT=SPTFIL)
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IF¥ (ISKPSV .EQ. O) CALL SEVMOT (NSVRSP,RSPNME,HDNG,IMODL)

RETURN
ENL

C DECK RMS10E

L I B R BRI NS 4

SUBRUUTINE RMSTQE

The purpose of the rmstoe segment is to compute the rms, second and
fourth moments, encounter spectra and assoclated periods of maximum
spactral energy for any ship response. The calculations are done
for unit significant vave height in long and shotcristed seas for

a

series of modal wave periods. The shortcrested calculations are

performed using a cosine-squarad weighting function.
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COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,LAOPR,RLDMPR,DISPLNMT,
LRAOPR,ADRPR,ORGOPTN,GMNCM  KG,STATN(25) ,¥SOFST(258),
NLEWF(25) ,HLFBTH(10,25) ,WTRLNE(10,25) ,BLEWF(25) ,TLEWF(25),
AREALF§25§,NPTLOC,PTNUMB(lO),PTHAME,XPTLOC(lO).YPTLGC(IO),
ZPTLOC(10) ,NBB,FBNUMB(10),FBNAME, XPTFBD(10),YPTFBD(10),
ZPTFBD(10) ,FBCODE(10) ,FBTYPE,RDCT(10),VKDES,FNDES,
STATNM,SIATIS

CHARACTER+*4 PTNAME(8,.0) FBNAME{C, 10 ,STATNM(5) ,FBTYPE(3.10)
INTEGER OPTK,MOTN ,BSCFIL,VLACPR, RAOIR,ADRPR,RLDMFR,FBCCDE,
FBNUMB,PTNUMB,ORGOFTN

REAL KG

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMLGA ,NCHECA,SIGMA ,NSICMA,SIAWYH,
NSIGWH,TMODAL ,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK ,NMU.MOMEGA ,NSIGMA,KSIGWH, NTMOD, KRANG, KKMU(S)

REAL VK(8),MU(37,8),0MEGA(30),SIGMA(10) ,SIGWH(4) ,TMODAT (8),
RANG(@),RLANG(S),S(30,8),FRN"Y(S),VFS(GS

COMMCN /GEQK/ X ,NSTATN,Y,Z NOFSET,LPP,BEAM,DRAFT,ILCF,
VCG,GM,DELGM,NEBLA ,KPITCH,KROLL ,KYAW KYAWRL ,AWP ,VCE ,FEDX,FBDY,
FBDZ,KFREBU . RPT . YPL, 20T, NPTS,LCB,GML , ASTAT ,RSTAT,TITLE, MASS,
DISPLM,IPITCH,IROLL,IYAY,IYAWRL CHEAVE,CPITCH,CHEAPI ,CRCLL,
LREAMX ,WSURF,GIRTH,FECZV,DBLWL,TLCB

INTEGER NSTATN,NOF3ET(25),NFREBD,NPTS

CHARACTER*& TITLF(20)

REAL X{25),Y(10,28),2(1¢,25),FBD2ZV(8,10),LPP,REAM ,DBLWL,TLCB,
DRAFT,LCF,YCG,GM DELGM ,NEELA ,KFITCH,KROLL ,KYAW ,KYAWRL ,AWP ,VCB,
FLDNX(10) FBDY(lO).FBDZ(IO).XPT(IO),YPT(iOS.Z?T(lO).LCB,GHL,
ASTAT(?SS,FSTAT(QS).HAS?,DISPLH.TPITCH,IRCLL.IYA“.
IYAWRL,CHEAVE,CPITCH,CHEAPI,CRCLL, AREAMX,WSURF,GIRTH(25)

COMMON /INDEY/ PFIDX,LPFIDX,RMIDA.LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX,LRMIDX,LSVIDX
REAL PFIDX(23.5,RKIDX(183),5VIDX(3)

COMMON /10/ SYSFIL,PCTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
CRrIL,HPLFIL, LRAFIL, ORGFIL,RACGFIL ,RMSFIL,SEVFIL,SPDFIL.,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL, IPRLI,
SCRFIL,RPLFIL,LRAFIL,ORGFIL,RACFIL,RKSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ 1i.TPI,PI.PIOT.DEGRAD,RADDEG,VKMETR, METRVK,GRAV,
nUC,GNU,RI05,RHDYH,GRUS ,GAUF ,FIRETAR ,FURITS ,RETSCL

COMPLEX II

REAL TP1,PI,PIOT.DEGRAD,RADDEG,VKMETR,METRVK,GRAY, RHO,GKU,RHOS,
RHOF ,GNUS, GNUF , FTMETR, PUNITS (2)
COMMON /RESP%/ NRESP,IPOINT(182),IMOTN(182),ITYPE(182),
ILIN(182),1SYM(1€2)

LOGICAL ILIN,ISYM

COMMON /S™PSYS/ FIS,AS5,SI1S,S0S,SDS.HALOS,LEV,PRN,SMPPS,S"FIS,
SMPOS,SMPUS,SHPTYPS,SH1PS VARS,CYCLS,TITLES,CPTYON,LSIS , LSCOS,
LSDS,LHALOS,LDEV,LPRN,LSMPPS ,LSKP1S,LSMPOS ,LSMPDS ,LSHPTYPS,
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2 LSHIPS,LTITLES
CHARACTER*160 A4S
CHARACTER#30 FIS,SIS,S0S.5DS,TITLES

CHARACTER*20 HALOS,DEV,PRN,SMPFS,SMPIS, SMPOS,SKPDS,ZEPTYPS

CHARACTER SHIPS#6G,VARS*2,CYCLS*2
INTEGER*2 OPTION

COMMON /STATE/ LAT,VRT,LOALS,ADDRES,SALT,HEAD, EXROLL, BKEEL
LOGICAL LAT,VRT, LOHDS ADQRES SALT,HEAD,EXROLL, BKEEL

DIMENS1ON WEVN(1C0),SPINDX(S),TOINDX(9) ,DATA(432),A0KGE(30,13)
R(30),RA01(30,8,13),RA02(30,8,11) ,KREC(i3),B2(3%)

[~

INTEGER DELBET

L.OGICAL LINEAR,SYMMET
DIMENSION XIL(911)
EQUIVALEKCE (NRESP.XID)

NIiD = 911

NWKEVN = 100

CALL WEDEFK (NWEVY,WEVN)
DELBET = 15

NLCH = 11

CALL QCB” (DELBET,B2.PI,KLCH)
NPLARE =

NSPIKD = NVk + 1

NTOIND = NTKECD + 1

FIS = &DS(1:LSDS)//' .RMS’

OPEN (UNIT=RMSFIL,FILE=FIS,STATUS="UNKNOWN',

]

ACCESS="DIRECT’, RECL=1750)
FIS = SDS{1:1L8DS)//'.CR

OPEN (UNKIT=0RGFIL,FILE-FIS FO&M= UKFCRMATTED®,STATUS= 'UNENCYN’)

FIS = 8DS(1:LSDS)//’.LCO’
IF (LOADS)

2 OPEN (UNIT=LCOFIL,FILE=FIS,FORM='UNFORMATTED ,STATUS= UNKKOWYN ')

modified to run on VAX/VMS
¢ CALL WRITMS (RMSKFIL,XID,NID.1)

WRITE (RMSFIL,REC=1) (XID(I),I=!,4
WRITE (RMSFIL,REC=2) (XID(I1),1=24323
WRITE (RMSF1L,REC=3) (xID(I),I=797
NRECD = 3

DO 60 IR=1,NRLSP
LIKEAR = ILIN(CIR)
SYMMET = ISYM(IR)

NPREDH 13

IF (.v0T. SYMMET) NPREDH = 24
JA =1

I (.NOT. LiIKEAR) JA = 6

N =1

JF (.XNOT. LINEAR) N = MRANG
IF (LCADS) REWIND LCUFIL
REWIKD ORGFIL

READ (OQRGFIL) TITLE,NVE NMU,NOMEGA,CMEGA,NRANG,RLANG,VRT.LAT,

2 ADDRES,LPP,BEAM,DRAFT,DISPLM,GM,DELGM,KG
2 VKDES,VKINC,DBLWL

define 2-parameter (elgnlflcant vave height,

, KROL L,MLB G(AJ,RHO,

modal wave period)

Bretschneider sea specira, for unit significant wave height

DO 500 IT=1,NTMOD

CA!L BRWVSP (NONMEGA,1. ,TMODAL(IT),OMEGA,S(1,1IT))

KTINUE

TPHS = 0O
NDATA = (2 + N#2)*NFKEDY

roditied for VAX/VMS
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CcDC
che
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CDC
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50
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60
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CALL STINKDX (RMSFIL,SPINDX,NSPFIND)
DO 10 I=1,NSPIND
SPIRDX(I) = C.

10 CONTINUE

DO 60 IV=1,RVK
HMU = NNMU(IV)
NLCH = NNU - 2
N1 = NMU/2 - 1
N2 = NMU/2 + 1
NBETA = 2¢(NMU-1)

DO 15 IH=1 NMU

KH = TH - 1

IF 218 .EQ. 1) KR = 1

IF (IH .EQ. 13) KR = 11

CALL KHAOPHS (AOMGE(1,IH),RAO1(1,1,IH),DUM,RAOZ(1,1,KH),DUM,
KREC(IH),IR, IV, IH,IPHS)

CONTINUVE

modified for VAX/VMS
CALL STINDX (RMSFIL,TOIKDX,NTOIND)
DO 20 I=1 NTOQIND
TOINDX(I) = 0.
20 CONTINUE

D0 40 IT=1,KTMOD

CALL RMS (KREC,RAO1,RAOQ2,1T,N,R,B2 ,NPREDH,NLCH,N1,6N2,DATA,
IMOTN(IR) NBETA)

CALL TCE (KREC,AONJE,RAD1,RAO02,JA,IT,R,B2,NPREDH,
NI.CH.N1,N2,KBETA,DELBET ,NWEVN ,WEVN,IV ,DATA)

modified for VAX/VMS

ALL WRITHS (RMSTIL,DATA,NDATALIT)
NRECD = KRECD + 1
WRITE (RMSFIL,REC=NRECD) DATA
CONTINUVE

CALL STINDX (RMSFIL,SPINDX,NSPIND)
CALI. WRITMS (RMSFIL,TOINDX,NTCIND,IV)

CONTINUE
CALL STINDX (RMSFIL,RMIDX,LRM1DX)
KR = IR + 1
CALL WRITMS (RMSFIL,SPINDX,NSPIND,KR)
CONTINUE
CL.OSE ?UNIT=RMSFIL§
CLOSE (UNIT=0RGFIL
IF (LOADS) CLDSE (UNIT=LCOF1L)

RETURN
END

RFEIZ2D
SUBROUTINE RPHI2D (K,PHIZ2D)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAK.V,SINKU,COSMU,WTS],
TMMIN, IMMAX, IMDEL ,LMIN, LMAX

HEAL SIGMIN,SIGMAX , V,SINMU, COSKU,WTSI(4)

INTEGER ISIGMA,IMMIN, TMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK, NVK MU, NMU,OMEGA ,NOMEGA,SIGMA ,NSIGMA,SIGWH,
NSIGWH,TMODAL ,NTMOD ,NRANG,RANG,RLANG,S ,NKMU,FRNUM, VFS
INTEGEY NVK,NMU,NOHEGA ,NSIGMA ,NSIGWH,NTMOD,NRANG,NNMU(B)
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RZAL VK(8), nuﬁav ,8) ,0MEGA(30) ,SIGMA(10),SIGNH(4) , THODAL(8),
RANG(8) ,RLANG(8).5(30,8) ,FRNUN(8) , VFS(8}

COMMON /GEOM/ X ,NSTATK.Y Z KOFSET,LPP,B3EAM,DRAFT,LCF

VCG,GM, DE..GM, NEBLA.nPITCH JKROLL,KYAW,KYAWRL , AWP, VCB , FBDX, FEDY,
FEDZ,NFREBD, XPT,YPT, ZPT,HPTS,LCB, GML  ASTAT, BSTAT, TITLE, MASS,
DISPLM,IPITCH, IROLL . IYAW,IYAWRL,CREAVE,CPITCH, CHEAPI, CROLL,
AREAMX . WSURF, GIRTH, FBDZV ,DBLWL,TLCB

INTEGER NSTATN,NOFSET{25},NFREBD UFTS

CHARACTER*4 TITLE(20)

KEAL X(25),Y(10,26),2(10,25),FBDZV(8,10),LPP,BEAM,DBLWL,TLCR,
DRAFT, LCF,VCG,GM,DELGM ,NEBLA .KPITCH,KROLL ,KYAW,KYAWRL,AWP,VCB,
FBDX(10) ,FBDY({10},FBDZ{10),XPT(10),YPT(105,2PT(10),LCB,GHL,
ASTAT(25) ,BSTAT(26) ,MASS,DISPLM,IPITCR, IROLL,IYAW,

IVAWRL , CEZAVE, CPITCE,CREAPT, CROLL, AREAMX, WSURF, GIRTH(26)

COMMON /IKDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRHIDX LSVIDX
REAL PFIDX(2355 RHIDX(183) SVIDX(3)

COMMOR /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,I1CARD, TEXFIL,IPRIN,
SCRFIL,HPLFIL . LRAFIL,ORGFIL,RACFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTF1L,COFFIL,LCOFIL,1CARD, TEXFIL IPLIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL ,RAQOFIL ,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL

COMPLEX PHI2D(10,10,4)
REAL DATA(320)

NNCDE = KOFSET(X)

EDATP = 0

IF (VRT) ENDATP = 1ReNNONF

IF (LAT) FDATP = NDATP + 16+NNODE
ISIGMX = NSIGMA - 1

DO 30 ISIGMA=1,ISIGMX

INDEX = fISIGMA-1)=*NSTATN + K

modified for VAX/VMS
CALL READMS (POTFIL,DATA,NDATP,INDEX)
READ (POTFIL,REC=INDEX) DATA

NEAT = 1

DO 20 J=1,NNODE

DO 10 I= IHHIN IMMAX, IMDEL

PHI2D(ISIGMA, J 1) = CMPLX(DATA(NEXT), DATA(NEXT+1))
IF (ISIGMA .EQ. ISIGMX) PHI2D(NSIGMA,J,I) =
CHPLX(DATA(NEXT+4) ,DATA(NEXT+5))

MEXT = NEXT + 8

CONTINUE

CCNTINVE

CONTINUE

RETURN
END

RSOLVE
SUBROUTINE RSOLVE( N, NDIM, A, B, IP)

solution of linear system, A*X = B .

INPUT. ..
N = order of matrix.
NDIM = declared dimension of array A
A= tr1nngu1ar1zod matrix obtained from "DECOMP".
B = ht hand vector.
Ip = P VOT vector obtained from "DECOMP".
dv not use solvae if DECOMP has set IP(N) =
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» OUTPUT. . .
s B = solution vector, X .

REAL B,

IHTEGER N, NDIH IP, I, K, KB, KM1, KP1, M, NM1
DIMEYSION A(NDIM, nom) B(NDIN)

DIMENSION IP(NDIM)

IF (¥ .EQ. 1) GO TO 1500

NMi1 =N - 1

DO 1200 K =1, WMt

KPi K + 1

M= IP(K)

T = B(M)

Béng = B(K

B(X) =T

DO 1100 I = KP{, K
B(I) = B(I) + ALI,K)eT

1100  CONTIRUE

1200  CONTINUE
DO 1400 KB = 1, NM:
KHM1 = ¥ - KB

K H1 ¢+ 1
B(K) = %K)/A(K,K)

= 1, KM1
B(I) = B(I) + A(I K)=*T
1300 CONTIRUE
1400 CONTINUE
1600  CONTINUE
B(1) = B(1)/A(1,1)
99999 CONTINUE

RETURN
END

C DECK RSTIT
’UBRDUTIHE RSTITL (IP,IM,IT,RTITL,RTYPE,RUKIT,PARS)

COMMON /DATINP/ OPTN,MOTN,BSCFIL.,VLACPR,RAOPR,RLDMPR,DISPLMT,
LRAOPR,ADRPR,ORGOPTN, GHNOM KG, STAJN(25) NSOFST(2B)
NLEWF(25) HL'BTH(lO 25) ULRLNE(iO 26), BLEHF(?S) TLEHFéQS\
AREALF(255 NPTLOC, PTNUHB(IO) PTNAHE XPTLOC(IO) YPTLOC 105
ZPTLOCéiog,NBB.FBNUHB(iO).FBHAME.XPTFBD(lO),YPTFBD(IO).
ZPTFBD(10),FBCODE(10),FBTYPE,RDOT(10) ,VKDES ,FNDES,
STATNM,STATIS

CHARACTER*4 PTNAME(8,10) ,FBNAME(8,10) ,STATNM(E) ,FETYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
ggggﬂﬁéPTNUﬂB,ORGOPTN

[SASESE SENYS]

N

COMMON /LOADS/ NLOADS,SWGHT(25),SMASS(25),XLDSTN(10),XLDXPT(25),
2 LSTATN(2E)

COMMON /PHYSCO/ II,TPI,PI1,PIOT,DEGKAD,RADDEG,VKMETR,METRVK GRAV,
2 PHO,GNU,RHOS,RHOF GNUS FN“* FTHETR pUNITS,REYSCL

COMPLEX 'I1

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,
1 RHOF,GNUS,GNUF ,FTMETR

CHARACTER#3 PT(10),TT(3) ,PPM(3) ,RLT(2)

CHARACTER®*4 METER,MUNIT(3,7),PNTMOT(2,3),LOAD(2,8)
CHARACTER*4 LTYPF.(3,2),LUNIT(3,3),TYPE(3,6),RELMOT(2)
CHARACTER*4 ADRES 25.ADRTYP(3).UNIT(3,7),RUNIT(3)
CHARACTER#4 RTITL(2),RTYPE(3),HFENOT(2)

CHARACTER®b6 PPLM(3),TTLM(3) ,HFEM,HHFEN

CHARACTER*6 ORGMOT(2,6)

CHARACTER+10 OMOT(3,6),FMOT(3)

CHARACTER*110 PARS

DATA METER /'METE'/
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]

DATA WUKIT /' (M,
2 7(G) *,r é' DEQ Ly (DE’, *G/SE", 'C)
2 'JsEc’,'2) ' (',’LBS

DATA PPL /'LONG. ', 'LATE. >, VERT.
DATA EFEM /’'HOR'/
DATA EHFEM /‘RORZ.’/
DATA TTLM /’DISP.’,’VEL. ’,’ACC. '/
DATA PT /’P1’,'P2’,'F3’,’°Ba’ 'F5’,"P8’,'PT’, P8’ P9
DATA TT /°*DSP’,*VEL’,'ACC'/
DATA PPM /'LOR’,’LAT!,’VER'/
DATA OKOT /’SURGE’,'SURVEL',’SURACC’,’SWAY',’SWAVEL'

'/
'/

2 'PITVEL’,’PITACC’,'YAW’ 'YAWVEL-, 'YAWACZ'/
p’>,'ITCH',’ ', YAW?/

DATA HFEMOT /' HOR’,'IZ. '/
DATA FMOT /’FINANG','FINVEL’,’FINACC’/
DATA LOAD /' H.S',’BEAR‘,’ V.S’ 'EEAR’,’ T’,’ORS.’
2 'END.',' H.B',’ERD.’/
DATA LTYPE /'FORC','E ', ,'MOME' ,'NT ',
DATA LUNIT /* (T','0KS)*,!’ ’,’ (M-, ’TONS’ 1)
2 ’-TON’,’S8) '/
DATA TYPE /'DISP',’LACE’',’MENT’,’VELO’,'CITY’,
2 'LERA’,’TION’, ’ANGL' 'E T ',"MOTI',’QN .
DATA RLT /' RLH’ 'RLV’/
DATA RELMOT /’RELA’,’TIVE'/
DATA ADRES /° A', ‘DDED' /
DATA ADRTYP /? RESI'.’STAN’.’CE '/
DATA UNIT /' (F? 'EET)’,’ ' ' (FEE','T/SE’,'C)

2(G) 1,° v E','Dscg',: r.v (DE','G/SE',1C)’

2 1/s£cn 12) ».1
RUNIT 1;
2

»,’LBS)’

UNITEI,IT;
RUNIT UNIT(2,IT

RUNIT(3) URIT(3,1IT)

IF éPUHITSElg .EQ. HETER RUNITEI
IF (PUNITS(1) .EQ. METER) RUNIT(2
IF (PUNITS(1) .EQ. METER) RUNIT(3)
JT = IT + 3

IF (IP .GT. 0) GO TG 20

IF (IM .GT. 8) GO TO 10

4

tun

MUNIT(2,IT)
MUNIT(3,IT)

HUNTT%].IT)

origin motions

RTITL(1 ORGHOTgl,IH;
RTITL(2 ORGMOT(2,IM
RTYPE(1 TYPE(1,IT)
RTYPE§2g TYPE(2,IT)
RTYPE(3 TYPE(R,IT)
IF (IM.GT.3 .AND. IT.EQ.lg nrvpegi)
IF (IM.GT.3 .AND. IT.EQ.1) RTYPE(2)
IF (IM.GT.3 .AND. IT.EQ.1) RTYPE(3)
IF (IM .GT. 37 RUNIT(1) = UNIT 1.JT%
IF (IM .GT. 3; RUNIT§2g = UNIT(2,JT)
IF (IM .GT. %) RUAIT(3) = UNIT(3,JT)
IF PUNITS$1% .EQ. METER .AND. IM .GT. 3) RUNIT(I;
IF (PUNITS(1) .EQ. METER .AND. IM .GT. 3) RUNIT(2
IF (PUNITS(1) .¥Q. METEK .AND. IM .GY. 3) RUNIT(3)
WRITE (PARS,3000) (OMOT(IT,IM),J=1,2)
3000 FORMAT (A10,10X,A10,80X)
GO TO 60

10 IF (IM .RE. 7) GO TG 30

an

TYPE(1,4
TYPE(2,4
TYPE(3,4

added resintance

RTITL&I) s ADRES§1)
RTITL(2) = ADRES(2)
RTYP£E1; = ADRTYP(1)
RTYPE(2) = ADRTYP(2)
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,’SWAACC’,
2 'REAVE’,*HEAVEL’, *HEAACC','ROLL’,’ROLVET , 'ROLACC',’PITCR’,

DATA ORGMOT /' S’,’URGE",” *,'SWAY',? 8',’EAVE’,’
R 1 )
DATA PNTMOT /’ LOX’,'GIT.’,’ LAT’,’ERAL’,’VERT','ICAL’/

?

,' V.B',

H

Y (FT,
,'ACCE",

'/

¥

MUNITE
MUNIT

MUNIT(3,

3

)
’,'(DéG',

1,37)
2,JT)
JT)




RTYPE(,) = ADRTYP(3
RUNIT ié = URIT(1,7
RUNIT(2) = UNIT(2,7
RUNIT(3) = UNIT(3,7)
GO TO 50

20 IF (IM .GT. 3) GO TO 30

- motions at a point

RTITL(Y) = PNTHOTgi,IH)
RTITL(2) = PNTMOT(2,INM)
RTYPE(1) = TYPEgi,IT)
RTYPE(2) = TYPE(2,IT)
RTYPE(3) = TYPE(3,IT)

WRITE (PARS,3010) PPM(IM), TT(IT) PT(IP),PPLM(IM),TTLM(IT),
2 XPTLOC(IP),YPTLOC(IP),ZPTLOC(IP
3010 FORMAT (3A3,11X,A5,1X.AS,4X, 2HAT 4X,SEXFP =,F6.2,3X,5HYCL =
2 F7.2,3X,6BZBL =.F7.2,28X)
GO TO 60

30 IF (IM .EE. 8) GO TQ &0

* relative motion

RTITLEl; = RELHOTgig

RTITL(2) = RELMOT(2

RTYPE(1) = TYPE 1.IT%

RTVPE 2; = TYPE(2,1T

RTYPE(3) = TYPE(3,IT)

IF éIT .EQ. 1; RTYPE?lg = TYPEEi,Eg
IF (IT .EQ. 1) RTYPE(2) = TYPE(2,6
IF (IT .EQ. 1) RTYPE(3) = TYPE(3,5)

WRITE &PARS ,3020) RLT(IT),PT(IP),RTITL,RTYPE,XPTFBD(IP),
2 YPTFBD(IP),ZPTFBD(IP)
3020 FORMAT (2A3,14X,2A4,1X,3A4,2HAT, 4X,5BXFP =,F6.2,3X,50YCL =
2 F7.2,3X, BHZBL = JET. 2 2ZX)

60 IF (IM .NE. 9) GO TO 72
» anti-roll fins

RTITL(1)
RTITL(2)
IF §IT .EQ. 1; JT
IF (IT .GT. 1) JT
DO 60 I=1,3
60 RTYPE(I) = TYPE(I,JT)
JT=1T + 3
D0 70 1=1,3
70 RUNIT(1) = UNIT(I,]T)
WRITE (PARS,3000) FMOT(IT),FMOT(IT)

z

4
1T

" u

72 JIF (IM .NF 15) GO TO 80

RTITL(1) = HPEHOT%

RTIIL 2; = HFEMOT(2
RTYPE(1) = TYPE(1,3
RTYPEE?) = TYPE§2.3)
RIYFE(3) = TYPE(3,3)
RUNIT(1) = UNIT(1,3)
RUNIT(2) = UNIT(2,3)
RUNIT(3) = UNIT(3,3)

WRITE %PARS 13010) HFEM,TT(3) PT(IF), HHFEM,TTLM(3),
2 XPTLOC(IP),YPTLOC(IP),ZzPTLOC{IP)

80 IF (.¥OT. (IP.GT.O.AND.(IM.GE.10.AKD.IM.LE.14))) GO TO 100

» loads

JM = IM - @
RTITLEI; = LOADEl.JH)
RTITL(2) = LOAD(2,JN)

201




8

(8]

3031
3032
3033
3034
3035

100

C DEC

C DEC

LT =

IF (IM .GT. 11) LT = 2

MT = LT

IF (LT.EQ.2.AND.(PUNITS(1).NE.METER)) MT = 3
DO 82 I=1,3

RTYPE§I§ = LTYPEEI.LT%

RURIT(I) = LUNIT(I,NT

CONTINUE

IF (JM .EQ. 2) WRITE (PARS,3032) PT(IP),XLDSTN(IP

. WRITE (PARS,3033) PT(IP),XLDSTH(IP

IF (JH .EQ. 4; WRITE éPARS 3034; PT IP;,XLDSTN IP;

IF (JM .EQ. 5) WRITE (PARS,3035) PT(IP),XLDSTN(IP
FORHAT(GHHSHEAR A3,11X, 26HHORIZ. SHEAR FORCE AT STATION,F6.2,565X)
FORHATEGHVSHEAR ,A3,11%X,28HVERT. SHEAR FORCE AT STATION,HG.2,55X§
FORMAT(4HTMOM, A3,13X.29HTORSIOHAL MOMENT AT STATION,F6.2,55X
FORHATE4HVMOH, A3,13X,29HVERT. BEND. MOM. AT STATION,F6.2,55X)
FORMAT(4HHMOM, A3,13X,29HHORIZ. BEND. MOM. AT STATION,F€.2,55X)
CONTINUE

RETURN
END

K RVSLAT
SUBROUTINE RVSLAT (VCG,MCTLG,MOTL)

COMPLEX MOTLG(3),MOTL(3)

IF (JM .EQ. 1% WRITE gPARS,3031§ PT IP§,XLDSTN IPE

HOTLélg = HOTchig + VCG*MOTLG(2)
KOTL(2) = MOTLG(2

MOTL(3) = MOTLG(3)

RETURN

END
K SBEDDY

SUBROUTINE SBEDDY

COMMON /APPEND/ NBKSET,NBKSTN(2),BVIMAG(2),BKFS(2),BKAS(2),
2 BKWD(2),BKSTN(10,2),BKHB(10,2) ,BKLNTH,BKWDTH,
2 BKWL(10,2),BKAN(30,2),NSKSET,SKIMAG(2),SKFLS(2),SKALS(2),
2 sxuus§2§ SKHB(2) SKFLwLé g SKALHL§2§,SKAUHL€2),NRDSET,RDIHAG(?)
2 RDRFS(2).RDRAS(25, RDRHB(2) ,RDRFWL(2) .RDRAWL(2) .RDTFS(2),RDTAS(2
2 RDTHB(2) ,RDTFWL (2}, RDTAWL(2),NSBSET,SBIMAG(2),SOBRFS(2) ,SOBRAS
2,S0BRHB(2}, SOBRFW(2),S0BRAW(2} ,SIBRFS(2),SIBRAS(2) ,SIBRHB(2),
2 SIBRFW(2) . SIRRAW(2).SBTFS(2),SBTAS(2),SBTHB(2),SBTFWL(2),
2 SBTAWL(2)  NFNSET,FNIMAG(2) ,FKRFS(2),FNRAS(2)
2 FNRHB(2),FNRFWL(2) ,FNRAWL(2) ,FRTFS(2), FNTAS(2) FNTHB(2),
2 FRTFWL(2} ,FNTAWL(25,NEXPRD,ENRDO(8),ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN,IMMAX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN, IMMAX, IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA ,KSIGMA,SIGWH,
1 NSIGWH, TMODAL, NTHOD NRANG RANG RLANG S, NNHU FRNUM VFS

INTEGER NVK, NMU NOMEGA NSIGHA NSIGHH NTMOD, NRANG NNMU(8)

REAL VK(8), HU(37 8), OMEGA(30) SIGHA(iO) SIGUH(4) TMODAL(8),
2 RANG(8), RLANG(B) 5(30 8) FRNUH(B) VF5(8)

COMMON /PRYSCO/ II1,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GN%U,RHOS,RHOF,GNUS,GNUF ,FTMETR,PUNITS ,REYSCL

COMPLEX 1I

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGKAD,RADDEG,VKMETR,METRVK,GRAYV ,RHO,GNU,RHOS,
1 RHOF,GKUS,GNUF,FTMETR

J,
2)

COMMOR /RLDBK/ PSUR(25),BMK(25) ,DK(26),CAK(25),HQ,HSPAN ,HMNCHD,
2 HAREA,HXCP ,HYCP,HZCP ,HGAMMA ,HYHAT  HEAR ,HLCS,RQ(2) ,RSPAN(2),
2 RHNCHD(2),RAREA(2).RXCP(2),RYCP(2S.RZCP(Z),RGAHHA(Z).RYHAT(Z),
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aaAngzg RLCSE g ,SQ(2),SSPAN(2), SMNCED(2),SAREA(2) ,SXCP(2),
SYCP(2),52CP (2) |SGAMMA(2) ,SYRAT(2) ,SEAR(2),SLCS(2},8Q(2) .
BSPAH§2 axncaotz) BAREA(Z),BXCP(2),BYCP(2),RZCP(2),BGAMHA(2),
BYEAT(2),BEAR(2),BLCS(2),FQ(2) ,FSPAN(2) ,FMNCED(2) FAREAE g
Fxcp(z) FYCP (2. ,FZCP(2) ,FCAMNAL2) ,FYHAT(2) ,FEAR(2} FLCS(2

PQ(2,2) ,PSPAN(2.2), PMNCED(2,2),PAREA(2,2) PXCP(2 2} ?ch(z 2),
PZCP{2,2),PGAMMA(2.2),PYRAT(2,2) ,PEAR (2,25 ,PLCS (2,2}

STADMP (10} ,SHPDMP(10,8) ,ENCOK .WPHI ,TPHI . WHEL u(4,95 SFELM(4,9,8),
REELM(4,9,8) ,PEELM(4.9,8) ,FEELM(4,9 eg REELN (4, 9,85,BEELH(4 9,85,
ENVM ,ENSF{8,8) ENRE(8) ENPE(8),ENFE(8) .ENRE(8) .ENBE(8

ENEMV(8,8) ,ENRL(8) . ENPL(8) .ENFL(8)  ENAL(8), ENSL(S).ENBL(B)
ENSEF(8.8) 'RELM(4,9),ITS(26),RD(26},EDDY(8.25),RGB(25)

REAL RDBLK{2€92)

EQUIVALENCE (PSUR(i),RDBLK(l))

DO 20 IA=1,T AANG
ENPE(IA) ='¢
DO 10 1S=1,".SIGHMA
SHPDMP(15,54) =
10 CORTINUE
20 CONTINUE
IF (NSBSE: .EQ. 0) GO TO 100
DO 60 K=1,NSBSET
DO §0 L=1.2
IF (L.EQ.2 .AND. SBTHB(K).EQ.0.) GO TO 50
YHAT = SQRT(PYCP(K,L)#s2 + chp(x L)se2)
GAMMAE = PGAMMA(K L) + 1
ALF = .TAN( ABS( ((PYCP(K L)/PZCP(K,L}) + TAN(GAMMAESDEGRAD)) /
2 (1. = (PYCP(K,L)/PZCP(K LigtrAn(GAnnAs-nsanog) ) )
€= 0.0085 + (PLCS(K,L)#%2)/(0.9%PI*PEAR(K,L)
COR = PQ(K,L)#4./(3.%PI)*RHO*YHAT**3  PAREA(K,L)¢C*SIN(ALF)
DO 40 IA=1.NRANG
DO 30 IS=1.NSIGHA
SHPDMP(IS,IA) = SHPDMP(IS,IA) + (CON*SIGMA(IS)*RANG(IA)) =
2 SIGMA(IS)
30 CONTINUE
40 CONTINUE i
650 CONTINUE 1
60 CONTINUE ‘
D0 70 IA=1,NRANG
CALL SPFIT (SIGMA,SHPDMP(1,IA),PEELM(1,1,IA) ,NSIGMA)
ENPE(IA) = ENCON®REVAL(PEELM(1,ISIGMA,IA) WTSI)
70 CONTINUE
100 CONTINUE

KETURN
END

C DECK SBLIFT
SUBROUTINE SBLIFT

[STSTSISTSESTSESTNESTIN TN

N/

w‘

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),

2 sxwogz) ,BKSTN(10,2) ,BKKB(10,2),BKLNTH, BKWDTH

2 BKWL(i0.2) ,BKAN(10,2),NSKSET,SKIMAG(2} , SKFLS{2).SKALS(2).

2 SKAUS(2),SKHB(2) ,SKFLWL’2), KALHLE?) SKAUHTE?) NRDSET , RDIMAG (2)
2 nonrsgz "RDRAS(2), RDRHB(2) . RORFWL(2) .RDRAWL(2) . RDTFSE2‘ ,RDTAS (2
2 RDTHB(2) | RDTFWL(25 , RDTAWL(2),NSBSET,SBIMAG(2),SO0BRFS(2, 'SOBRAS(2
2.SOBRHB§2§ soeangzé , SOBRAW(2) ,SIBRFS(2),SIBRAS(2),SIBRHB(2),

2 SIBRFW(2),SIBRAW(2),SBTFS(2),S3TAS(2),SBTHB(2),SBTFWL(2),

2 SBTAWL(2).NFNSET,FNIMAG(2) ruqrc(ﬂ) FNRAS(2),

2 FNRHB(2),FNRFWL(2),FNRAWL(2),FNTFS(2),FNTAS(2) ,FNTHB(2),

2 FNTFWL(2},FNTAWL(25,NEXPRD,ENRDO(8) ,ENRDS(8)

COMMON /ERVIOR/ VK, NVK,MU,NMU OMEGA ,NOMEGA,SIGMA NSIGMA,SIGWH,
1 NSIGWH,TMODAL NTMOD, NRANG. RANG, RLAhG S, NNFU FRNUH VFS

INTEGER VK, NHU NOMEGA NSIGHA NSIGWH NTMOD NRANG NNHU(B)

REAL VK(8), MU(37 8),0MEGA(30) SIGMA(10) SIGUH(4) THODAL(B\
2 RANG(8), RLANG(B) 5(30 8), FRNUH(B) VFS(8)

COMMON /GEQM/ X ,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM.DELGM,NEBLA ,KPITCH,KROLL,KYAW ,KYAWRL,AWP,VCB,FBDX, FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT ,NPTS,LCB,GML,ASTAT,BSTAT, TITLE,MASS,

- _‘ ‘
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[SISTNTSISTNENISESTSYSENEN] )

DISPLN,IPITCH,IROLL,1VAW,IYAWRL,CREAVE,CPITCH,CHEAPI,CROLL,
AREAMX . WSURF, GIRTH , FBDZV ,DBLWL, TLCB

INTEGER NSTATN,NOFSET(265),NFREBD,NPTS

CRARACTER=4 TITLE(20)

REAL X(25),Y(10,26),2(10,25) ,FBDZV(8,10),LPP,BEAM,DBLWL, TLC5,
DRAFT,LCF ,VCG,GM, DELGM, NEBLA . KPITCE,KROLL  KYAW ,KYAWRL,AWP , VCB,
FRDX(10) ,¥BDY!10},FBDZ{10),XPT(10),YPT(10},ZPT{10),LCB,GNL,
ASTAT (265, BSTAT(28) ,MASS .DISPLM, IPITCR, IROLL ,IYAW,

IYAWRL CHEAVE, CPTTCH,CREAPI ,CROLL , AREAMX, WSURF, GIRTH(25)

COMMOX /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RAO,GKU,RAOS,RHOF, GNUS,GNUF ,FTMETR ,PUNITS,REYSCL

COMPLEX II

CHARACTER®*4 PURITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GRU,RHOS,
RHOF, GNUS ,GNUF ,FTMETR

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25),RQ,HSPAN, EMNCHD,

HAREA,BXCP ,HYCP ,HZCP ,HGAMMA ,HYRAT ,HEAR ,HLCS ,RQ{2) ,RSPAN(2),
RMNCHD(2) , RAREA(2),RXCP(2),RYCP(2) ,RZCP(2) ,RGAMMA(2) ,RYRAT(2),
REARE2;,RLCS§2§.SQ(2),SSPAN(?),SHNCHD(2),SAREA(2) SXCP(2),
SYCP(2),S2CP(2) ,SGAMMA(2),SYHAT(2) ,SEAR(2) ,SLCS(2),BQ(2),
BSPANE2§,BHNCHD(2),BAREA(2).BXCP(2 _BYCP(2) ,BZCP(2) ,BGAMMA(2),
BYHAT(2) .BEAR(2),BLCS(2),FQ(2) ,FSPAN(2) ,FMNCHD(2) ,FAREA(2),
FXCP(?%.FYCP(?).FZCP(2),FGAHHA(2),FYHAT(Q),FLAR(2S FLCS(2),
PQ(2,2) .PSPAN(2.2),PMNCAD(2,2) ,PAREA(2,2) ,PXCP(2,2) ,PYCP(2.2),
PZCP{2.2) PGAMMA(2.2),PYRAT{2,2) ,PEAR(2,2},PLCS(2,2),

STADMP (10} ,SHPDMP (10,8) ,ENCON .WPAT , TPRI .WMELM(4,6% SFELM(4,9,8)
REELM(4,9 8).PEELH(4.9,8),FEELH(4,9,8%,HEELM(4,9,85.BEELH(4.9,85.
ENWM,ENSF(8,8),ENRE(8) .ENPE(8) ,ENFE(8) .ENRE(8) .ENBE(8),
ENEHVEB,B?.ENRL&B).ENPL(B).ENFL%B) ENHL(8) ,ENSL(8) ,ENBL(8),
ENSHP(8.8) 'RELM(4,9),ITS(25),RD{25} EDDY(8.25),RGB(25)

REAL RDBLK(2692)
EQUIVALENCE (PSUR(1),RDBLK(1))

REAL LCS,MCEORD

1F (NSBSET .EQ. O) GO TO 60

EN = 0

STASPC = LPP/20

DO 50 K=1,NSBSET

DO 40 L=1,2

IF (L.EQ.2 .AND. SBTHB(K).EQ.0.) GO TO 40
IF (L .EQ. 2) GO TO 20

* outer brackets

XRTF
XRTA
XTPF
XTPA
YRT
YTP

1.CB ~ SOBRFS(K)#*STASPC
LCB - SOBRAS(K)#*STASPC
LCB - SBTFng)‘STASPC
LCB - SBTAS(K)*STASPC
SOBRHB(K)

SBTHB(K)

ZRT = (SOBRFW(K) + SOBRAW(K
2TP = (SBTFWL(K) + SBTAWL(K
GO TO 30

“wan

)/2 - (DBLWL+VCG)
)/2 - (DBLWL+VCG)

—

* ianer bracket

20

30

XRTF = L.CB - SIBRFS(Y)*STASPC

XRTA = LCB - SIBRAS(K)#*STASPC

YRT = SIBRHB(K)

ZRT = (SIBRFW(K) + SIBRAW(K))/2 - (DBLWL+VCG)
CONTINVE

RCHORD = XRTF - XRTA

TCHORD = XTPF - XTPA

SPAN = SQRT((ZRT-ZTP)*+*2 + (YTP-YRT)#**2)

Q=2
MCHORD = 0.5+((XRTF-XRTA) + (XTPF-XTPA))

. area
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AREA = SPAN*MCHORD

* center of pressure
ZP = 0.5+(ZRT+ZTP)
YP = 0.6+#(YRT + YTP)
X0 = 0.B6*(XRTF + XTPF)

XCP = X0 =~ 0.25+«MCHORD
YCP = YP
ZCP = 2P
- moment arm
ARG = (ZRT-ZTP) / SPAN
GAMMA = - 90
IF gARG LLT. 1) GAMMA = - ASIN(ARG)*RADDEG
IF (L .EQ. 1) GAMMA = - GAMMA

GAM = GAMMASDEGRAD ,
YHAT = YCP*COS(GAM) + ZCP*SIN(GAM)

- effoctive aspect ratio

EAR = 2¢SPAN/MCHORD

* lift curve slope
LCS = 2eP1
PQ(X,L) = Q
PSPAN(K,L) = SPAR
PMNCHD(K,L) = MCHORD
PAREA(K,L) = AREA
PXCP(K,L) = XCP
PYCP&K.L? = YCP
PZCP(K,L) = ZCP
PGAMMA(K,L) = GAMMA
PYHAT(K,L) = YHAT
PEAH&K,L% = EA
PLCS(K,L) = LC
EN = ER + Q+(RHO/2)*AREA*LCS¢VHATsTHAT*WPHI*ENCON

40 CONTINUE
50 CONTINUE
€0 CUNTINUE
DO 70 IV=1,NVK
ENPL(IV) = 0O
IF (NSBSET .GT. 0) ENPL(IV) = EN#VFS(IV)
70 CONTINVE

RETURN
END
C DECK SCB2
SUBROUTINE SCB2 (DELHDG,B2,PI,NLCH)
* This routine pre-computes the shortrrested veighting
- constants, B2, for variable spreading angles.
* W.G.MEYERS, DTNSRDC, 072977

INTEGER DELHDG
DIMENSION B2(NLCE)

N = 180/(2+DELHDG)
CON1 = 1./N
CON2 = PI/(2*N)
DO 10 K=1,NLCH
I1=1+1
€0SI = COS(I«CON2)
B2{K) = CON1#COSI+COSI
10 CONTINUE

RETURN
END
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C DECK SECT1
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SUBROUTINE SECT1

ermines section type (ITSK) and bilge radius (RDK)
ITSK 1 bow-sections - narrow v or u
ITSK 2 full sections

ITSK

3 shallow v or u (destroyer stern)
TSK

4 very rounded destroyer midship section - no eddymaking

COMMON /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
BKHDE2),BKSTN(iO,Q),BKHB(10.2).BKLNTH BKWDTH,

BKWL(10 2) ,BKAN(10,2),NSKSET, SKIMAG(2),SKFLS(2),SKALS(2),
SKAUS (2}, SKEB(2) ,SKFLWL(2),SKALWL(2),SKAUWL(2) ,NRDSET,RDIMAG(2),
RDRFS§2§,RDRAS(2S RDRHB(Q),RDRFHL(Q),RDRAHL(Q),RDTFS%Q),RDTAS(2)
EDTHEB(2) |RDTFWL (2} ,RDTAWL(2) , NSBSET,SBIMAG(2),SOBRFS(2) ,SOBRAS (2}
,SOBRHB(2 ,SOBRFUE?%,SOBRAH(2S,SIBRFS(2).SIBRAS(2).SIBRHB(2),
SIBRFW(2),SIBRAW(2),SBTFS(2),SBTAS(2),SBTHB(2),SBTFWL(2),
SBTAWL(2) ,NFNSET,FNTMAG(2) ,FNRFS(2),FNRAS(2),
FNRHB(2),FNRFWL(2) ,FNRAWL(2) ,FNTFS(2) ,FNTAS(2) ,FNTHB(2),
FXTFWL(2),FNTAWL(2}, NEXPRD,ENRDO(8), ENRDS(8)

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RAQOPR,RLDMPR,DISPLMT,
LRAOPR,ADRPR,ORGOPTN ,GMNOM ,KG,STATN(25) ,NSOFST(25),
NLEWF(25) HLFBTH(IO,?S),HTRLNE(10,25),BLEHF(QS),TLEUF%25),
AREALFEQS;.NPTLDC.PTNUHB(IO),PTNAHE,XPTLOC(lO),YPTLDC 10),
ZPTLOC(10) ,NBB,FBNUMB(10) ,FBNAME,XPTFBD(10),YPTFBD(10),
ZPTFBD(10) ,FBCODE(10) ,FBTYPE,RDOT(10) ,VKDES ,FNDES,
STATNM,STATIS

CHARACTER*4 PTNAME(8,10) ,FBNAME(8,10) ,STATNM(E) ,FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAQOPR,ADRPR,RLDMPR,FBCODE,
FBNUMB,PTNUMB,ORGOPTN

REAL KG

COMMON /GEON,” X ,NSTATN,Y,Z,NOFSET,LPP ,BEAM,DRAFT,LCF,
VCG,GM,DELGM,NEBLA ,KFITCH,KROLL,KYAW , KYAWRL, AWP,VCB,FBDX,FBDY,
FBDZ  NFRERD YPT,VPT, ZPT NPTS, LCB, CML, ASTAT BSTAT,TITLE,KMASS,
DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CKEAVE ,CPITCH,CHEAPI,CROLL,
AREAMX ,WSURF,GIRTH,FBDZV ,DBLWL,TLCB

INTEGER NSTATN.NOFSET(ZSS,NFREBD,NPTS

CHARACTER+4 TITLE(20)

REA. X(25),Y(10,25),2(10,25),FBD2V(8,10) ,LPP,BEAM,DBLWL, TLCB,
DRAFT,LCF,VCG,GM,DELGM,NEBLA , XKPITCH,KROLL ,KYAW ,KYAWRL ,AWP,VCB,
FBDX(10) FBDY(IO).FBDZ(IO).XPT(IO),YPT(IOS,ZPT(IO).LCB.GHL,
ASTAT(?SS,BSTAT(?S).HASS,DISPLH,IPITCH,IROLL.IYAH,
IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL ,AREAMX ,WSURF ,GIRTH(25)

COMMON /I10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,K IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL ,RAOFIL ,RHSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,APLFIL,LRAFIL,ORGFIL,RAOFIL ,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /RLDBK/ PSUR(25),BMK(25) ,DK(25),CAK(25) ,HQ, HSPAN, HMNCHD,
HAREA ,HXCP ,HYCP H2CP ,HGAMMA HYHAT HEAR,HLCS,RQ(2),RSPAN(2),
RMNCHD(2) ,RAREA(2) ,RXCP(2) ,RYCP(2} ,RZCP(2),RGAMMA(2) ,RYHAT(2),
REAR§2),RLCS§2),SQ(?),SSPAN(?),SHNCHD(Q).SAREA(2) SXCP(2),
SYCP(2),SZCP(2) .SGAMMA(2) ,SYHAT!2) ,SEAR(2),SLcS(2),BQ(2),
BSPAN§?§,BHNCHD(2),BAREA(?),BXCP(?S,RYCP(Q),BZCP(QS,BGAMHA(Q),
BYHAT(2) ,BEAR(2),BLCS(2),FQ{2) ,FSPAN(2) ,FMNCHD(2) FAREAE2§,
FXCP(z),FYCP(z),FZCP(z),FGAMMA(z),FYaAT(z),FEAR(25 FLCS(2),
PQ(2,2),PSPAN(2,2) ,PKNCHD(2,2),PAREA(2,2) pxcp (2,23 ,PYCP(2.2),
PZCP(2,2) ,PGAMMA(2.2) ,PYKAT(2,2),PEAR(2,2},PLCS(2 5,
STADHP(IOS,SHPDHP(IO.B),ENCON,HTTI,TPHI.HHELM(4.95 SFELH(4,9,8)§
REELM(4,9,8) ,PEELM(4,9,8) ,FEELM(4,9 ag,HEELa(4,9,85,BEELH(4,9,8,.
ENWM,ENSF(8,8) ,ENRE(B) .ENPE(8) ,ENFE{8) .ENHE(B) ,ENBE(B),
ENEHVEB,B),ENRL§8).ENPL(S).ENFL(B) ENHL(8),ENSL(B),ENBL(8),
ENSHP(8.8) 'RELM(4,9),ITS(28) ,RD(25),EDDY(8,25),RGB(25)

REAL RDBLK(2682)
EQUAVALENCE (PSUR{1),RDBLK(1))
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DIMENSIOR AA(3,4),AR(10}

K = RSTATN + 1

DG 100 K=1,NSTATK

M= N -t

1TSK=4

RDK=1

IF (NOFSET{K) .LT. 2) GO TO 2%
NNODES = NOFSET(K)

BLOCAL = BMK(K)

TLOCAL DK (K)

ORG = TLOCQ% - VCG

CAC =
GDB = ABS(ORG)/(2.*BLOCAL)
RMIN=1.E38

NNM=NNODES-1
DD 31 I=2,NEM
DO 32 J=1,3

g , 1)=Y(IDX ,K)ew2+4Z(IDX,K)=#2
AA(],2)=Y(IDX,K)
AA(),3)=2(IDX,K)

AA(J,4)=1.0
32 CONTIKUE

A=CMINR(1,A4)

B=-CMINR(2,AA)

C=CMINR(3,A4)

D=-CMINR(4,AR)

IF (ABS(DY% o ) GO TO 33

2T=2(1-1,K)+(2{1+1.K)~ Z(I -1,K))=(Y(I,K)-Y(I-1,K))/DY
IF(2T.LE. 2(1 K)) GC TO 33

YC= B/é g

2C=-C/(2.+

R=SQRT(ABS(YC*YC+ZC»ZC-D/A))

AR(I) = R

IF (R .LT. RMIN) RMIN=R
33 CONTINUE
31 CONTINUE

RDK=RMIN
. SERE not used (triangular sections)
i IF (BDG.GT.0.8 .AND. BDG.LE.2.25) ITSK = 3

IF (CAC .GT. 0.53) ITSK = 4
IF éCAC .GE. 0.85) ITSK = 2
IF (GDB .GE. 1.2) ITSK = 1

* no eddymaking (TANAKA) for stations with bilgekeels

IF (NBKSET .EQ. 0) GO TO 40

DO 30 I=s1,NBKSET

NBKS = NBKSTN(I)

D0 20 J=1,NBKS

IF (.NOT.(STATN(M).EQ.BKSTN(J,1))) GO TO 20
YBK = BKHB(J,I)

ZBK BKWL(J,I) - DBLWL

WRITE (IPRIN,1000) BK3TN(J.1),YBK,ZBK
1000 FORMAT (/3F10.2)

Mi=2
M2=NNM
DO 11 NN=2 KNM
IF (Z(NK,K).LT.ZBK) GO TO 11
M2=NN
Mi=NN-1
IF (Z(NN,K).EQ.ZBK) M2=RN+i
GO TO 12
11 CONTINUE
12 CONTINUE




L = NNODT
DO 13 NY ¢,NKM
L =

= AR(L)

HRITE (IPRIN;1010) Y(L,K),Z(L,K),AR(L)
1010 FORMAT (2F10.2,1PE12.2}
13 CONTINUE

WRITE(IPRIN,1011) M1, M%
1011 FORMAT (' M1, M2 = ’,2I5)

* search for minimum radius of the bilge starting from the waterline
RMIN = AR(H2)
L= N2+
DO 15 HN-Hi M2
=L -1
R = AR(L)
IF (R .GT. RMIN) GO TO 17
RMIN = R

i CONTINVUE
17 RDK = RMIN

WRITE (IPRIN,1020) RMIN
1020 FGOPMAT (8H RMIN =,1PE12.2)

ITSK = 4
GO TO 21
20 CONTINUE
30 CONTINUE
40 CONTINUE

» SERE used for tections with skegs

IF (NSKSET .EQ. 0) GO TO 60
DO 50 I=1,KSKSET _ N N
1F (STATN(M) .LE. SKAUS(I) .AND. STATN(M) .GE. SKFLS(1)) 118Kk = 5
50 CONTINUE
60 CONTINUE
21 CONTINUE
RD (K) =RDK
ITS(K)=ITSK
100 CONTINUE

RETURN
END

C DECK SERAB
SUBROUTINE SERAB (K,ROLANG,BLOCAL,TLOCAL,GRG,RD,EDDY,RGB)

EXTERNAL EXP

*

calculates eddy-making roll damping data for TANAKA sories A and B
REF- TANAKA, J. Z0ScN KIOKAI, VOL. :08, 1861

e I BN YN O I B o A I
L - _I.L‘ - . S . . . ] Lo ] -

*

RGB = SQRT(ORG#ORG ~ BLOCAL#SLOCAL™ ~ RD«(SQRT(2.)-1.)
BDG = 2.#BLOCAL/ABS(ORG) ,

C = FIG56(ROLANG,BDG)eEXP(-FIG7(RCLANG)*RD/ABS{TLOCAL)
C = CeFTWO(K,TLOCAL,RD)

EDDY = C e

-'

RETURN
END

C DECK SERD
SUBROUTINE SERD (X,ROLANG,BLCCAL,TLOCAL,ORG,ECDY,RGB)

EXTERNAL EXP

* calculates eddy-making roll damping data for TANAKA series D
. REFC TR ARA ) ZOSERCKIOKALS VDL 108, 1961
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C DECK

RGB = ABS(ORG)

IF
IF

(BLOCAL .LE. 0.; C =0.63
(BLOCAL .LE. 0.) G0 TO 10

GDB = RGB/(2.*BLOCAL)
REQ = FIG10(GDB)#*BLOCAL
BDG = 1./GDB

FIG56 (ROLANG,BDG)*EXP(-FIG7{(ROLANG)*REQ/ABS(TLOCAL))

$0 CONTINUE

C =

C*FTWO(K,TLOCAL,REQ)
C

EDDY =

RETURN
END

SERE

SUBROUTIEE SERE (BLOCAL,ORG,EDDY,RGB)

calculates addy-making roll dam 1n data for TANAKA series E
REF- TANAKA, J. ZOSEN KIOhAI 109 1961

RGB = ABS(ORG)

BDG
C =
ELD
RETH
END
SuUB
COM
2 IL1
LOG
DIM
Do
DO
Ip
IM
IT
(810]
IF

heave
GO

IF

1tch
GO

IF

*5b
IF

roll
G0

IF

yaw
GO

IF

= 2.%BLOCAL/ABS(ORG)
FIG11(BDG)
Y=¢

JRN

C DECK SETSEV

ROUTINZ SETSEV (HSVRSP,LSVASP)

MON /RESPN/ NRESF,IPOINT(1€2),IMOTN(182),ITYPE(182),
N(182),1SYM(182)
ICAL ILIN,ISYM

ENSION LSVRSP(NSVRSP)

16C LR=1,KSVRSP
140 IR=1.NRESP
= IPOINT(IR)
IMOTH (IR)
ITYPE(IRS
T9 (10,20,30,40,50,60,70,80,90,100,110,120,130) ,LR

(.NOT. (IP.EQ.O0 .AND. IM.EQ.3 .AND. IT™.EQ.1)) GO TO 140

TO 150
(.N2T. (IP.EQ.C .AND. IM.EQ.5 .AND. IT.EQ.1)) GO TO 140

TO 150
(.NOT. (IP.EQ.O .AND. IM.EQ.2 .AND. IT.EQ.1)) GO0 TO 140

TO 150
(.NCT. (IP.EQ.0 .AND. IM.EQ.4 .AND 1T.EQ.1)) GO TO 140

TO 15¢
{(.NOT. (IP.EQ.O .AND. IM.EQ.6 .AND. JT.EQ.1)) GO TO 140

TO 150
(.NOT. (IP.EQ.! .AKD. IM.EG.3 .AND. IT.EG.3)) GO TO 140
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. vertical acceleration at point 1 (pl)

GO TO 1580
70 IF (.ROT. (IP.EQ.1 .AND. IM.EQ.2 .ARD. IT.EQ.3)) GO TO 140
* lateral accelerution at point 1 (pi)

GO TO 150
80 IF (.NOT. (IP.EQ.2 .AND. IM.EQ.3 .AND. IT.EQ.3)) GO TO 140
* vertical acceleration at point 2 (p2)

GO TO 180
90 IF (.NOT. (IP.EQ.2 .AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140
» lateral acceleration at point 2 (p2)

GO TO 160

1CO IF (.XOT. (IP.EQ.3 .AKD. IM.EQ.3 .AND. IT.EQ.3)) GO TO 140

* vertical acceleration at point 3 (p3)
GO TO 150

110 IF (.NOT. (IP.EQ.3 .AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140

. lateral acceleration at point 3 (p3)
G0 TO 150

120 IF (.NOT. (IP.EQ.4 .AND. IM.EQ.3 .AND. IT.EQ.3)) GO TU 140

- vertical acceleration at peint 4 (p4)
GO TO 150

130 IF (.NOT. (1P.EQ.4 .ANKD. IM.EQ.2 .AXD. IT.EQ.3)) GO TO i40

- lateral acceleration at point 4 (p4)
GO TO 180

140 CONTINUE
150 LSVRSP(LR) = IR
160 COKTIKUE

RETURN
END

C DECK SEVMCT
SUBROUTINE SEVMOT (NSVRSP,RSPNME,HDNG,IMODL)

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPP,RAOPR,RI.DMPR,DISPLNT,
LPAOPR, ADRFR,ORGOPTN ,GMNOM ,KG,STATN(25) ,NSCFST(25),
NLEWF(25) ,HLFBTH(10,25) ,WTRLKE(10,25) ,BLEWF(25) ,TLEWF(2%),
AREALF (25} ,NPTLOC,PTKUMB(10) ,PTNAME, XPTLOC( 10 ,YPTLOC(1(),
ZPTLCC(10),¥BB,FBNUMB(10,,FBNAME,XPTFBD(10) ,YPTF3D(1C)},
ZPTFBD(10) ,FBCGDE(10) ,FBTYPE,RDOT(10),VKDES ,FNDES,
STATNM,STATIS
CHARACTER*4 PTNAME(S8,10) ,FBNAME(E, 107 ,STATNM(5) ,FBTYPE(3,10)
IN1EGER OPTN,MOTN,BSCFIL,VLACFK,RAGPR,ADRPR, RLDMPR,VBCODE,
2 FENUMB,PTNUMB,ORGOPTN

REAL KG

[SA SN SR SR SN

COMMON /ENVIOR/ VK ,NVK,MU,NMU, OMEGA,NOMEGA ,S1G#A NS1GMA,SLGwWH,
1 NSIGWHK,TMODAL,RTMOD,NRANG,RANG, RLANG,S NNMU FRNUM,VFS
INTEGER WVK,NMU NOMEGA NSIGMA NSIGWH, NTMOD,MRANG, KKMUIB)
REAL VK(®),MU(37,8),0MEGA(30;,SIGMA(1D),SIGWH(4), THODAL(®),
RANG(B),RLANG(B),S(BO,R).FRNUH(?),VFS(BS

[ 8]

CONMON ‘GEOM/ X ,NSTATN,Y,Z NOFSET,LPP,BEAM DRAFT,LCF,
VCG,3M,DELGM ,NEBLA ,KPITCH KFOLL ,KYAW ,KYAWKL ,AWP.VCB,FBDX,FEDY,
FBDZ ,NFREBD,XPT,YPT,ZPT,KPTS,LCE,GML,ASTAT,BSTAT,TITLE, MASS,
DISPLM,IFITCH,IROLL,IYAW, 6 IYAWRL ,CHeAVE CPITCH,CHEAPI,CROLL,
AREAMY WSURF,GIRTH,FeDZV,DBLWL,TLCB

INTEGER NSTATN,NOFSET(QSj,NFREBD,NPTS

[RS8
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CBARACTER*4 TITLE(20)

REAL X{25),Y(10,25),2(10,26),FBD2V(8,10) ,LPP,BEAM ,DBLWL, TLCE,
DRAFT,LCF,VCG, GM,DELGM, NEBLA ,KPITCH,KROLL , KYAW,KYAWRL ,AWP, VCB,
FBDA(10),FBDY(10),FBDZ(10),XPT(10),YPT(10),2PT(10),LCR,GML,
ASTAT(20) ,BSTAT(26) ,MASS ,DISPLM,IPITCH, IROLL, IYAW,

IYAWRL, CECAVE,CPITCH,CEEAPI,CROLL , AREAMX , WSURF,GIRTH(26)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX,LRMIDX,LSVIDX
REAL PFIDX(2355 RKIDX(183) SVIDX(3)

COMMON /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL ORGF1L,RAODFIL,RMSFIL,SEVFIL, SPDFIL,
SPTFIL,LACFIL,LAEFIL

IRTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIKX,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCU/ II,T¢I,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GNU,REQOS,RHOF ,GNUS , GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX II

CHARACTER#*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG, VKMETR ,METRVK,GRAV,RHO,GNU,RHOS,
RHOF,7 NUS,GNUF ,FTMETR

COMMUN /SEV-RE/ NRS1NKD,RSINDX ,NSWIND SWIKDX,RSVTOE,RV,RH
REAL RSINDX(14).SHINDX(S),RSVTOE(4025
INTEGER RV(13),RH(13)

COMMON /SMPSYS/ ¥FIS,AS,SIS,SO0S,SDS,HALOS,DEV,PRN,SMPES, SMPIS,
SMPGS,SMPDS, SHPTYPS ,SHIPS, VARS, CYCLS, TITLES,OPTION, LSIS,LSOS,
LSDS,LHALOS,LDEV,LPAN,LSMPPS,LSHPIS, LSMPOS ,LSHPDS, LSHPTYPS,
LSHIPS,LTITLES

CHARACTER*180 AS

CHARACTER#80 FIS,SIS,S0S,SDS,TITLES

CHARACTER#20 HALOS,DEV,PRN,SMFP3,SMPIS,SMPOS,SMPDS, SHPTYPS
CHARACTER SHIPS#6,VARS®2,CYCLS*2

INTEGER*2 OPTION

DIMENSION RSV(13,13),TOE(13,13),TEMV(13),TFMH(13),TEMR(13),
TEMT(13) ,LSVRSP(i3) ,4HDNG(24),IMODL(4)

CHARACTER#*4 RSPNME(2,13)

INTEGER TEMT

CHARACTER#4 METFR

DATA METER /'METE'/
DATA LSVRSP /2,4,1,3,5,7,6,9,8,11,10,13,12/

FIS = SDS(1:LSDS)//'.SEV’
OPEN (UNIT=SEVFIL,FIL"=FIS,STATUS='USKNOWN’,
ACCESS="'DIRECT’ ,RECL=1620)

NHEAD = 24

N1 = NHEAD + 1

HDATA = 2 + N1#NVKe2

DC 600 IC=1,2

DO 400 IS=1 ,NSIGWH

LT = IMODL(IS)

Df 300 IR=1,NSVRSP

In 200 JR=1,NSVR5SP

Lk = LSVRSP(JR)

INDEX = NSIGWH # NSVRSP # (IC - 1) + NSIGWH # (LR - 1) 4 IS
READ (SE¥FIL,REC=INDEX) RGVTOE

CALL FETZH (IC,LR.IS,RSVIOE.SVIDX,RSINDX,SWiNLX,NDATA,LSVIDX,
2 NCVRSP,NSIGWH,SEVEILS

IF (IR .GT. 1) GO TO 1D
RV?JH) = RSJFHE%i) + .001

RHU(JIR) R3VTDE(2)+ .0014
IF (JR .GT. 1) GO TC 20
IV = RV(IR)
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20

200
300

1000

2 AT AB L E

1010
1020

1030

IH = RE(IR)

IE = 3 + (IB-1)*2 + (IV-1)+NHEAD#2
RSV(JR IR) = RSVTOE(IE)

TOE(JR,IR) = RSVTOE(IE+1)

CDNTINUE

CONTINUE

WRITE (IPRIN, 1000) TITLE

FORMAT (1H1,/,28X,20A4,///,48X,288SEVERE MOTI O N ,
IF §IC .EQ. 1g WRITE EIPRIH,!OlO;

IF (IC .E WRITE (IPRINR, 1020

FORKAT g GOX 11HLONGCRESTED)

FORMAT \// 60X, 12ASHORTCRESTED)

IF gPUNITSEl) 'NE. METER) WRITE gIPRIN,1030) SIGUH%IS)
IF (PUNITS(1) .EQ. METER) WRITE (IPRIN,1040) SIGWH(IS)
FORMAT (/.42X.37HSEA STATE: SIGNIFICANT WAVE BEIGHT =

2 ,F8.2,7H FEET

1040
2

1050

1025

FORMAT (54X,19HMODAL WAVE PERIOD =,F4.0,8E SECONDS)
IF (NSVRSP .EQ. &) GO TO 60
NP = NSVRSP - 6
KP = NP / 2
WRITE (IPRIN.1025)
FORMAT (//,64X,16HPOINT LOCATIONS:)
DO 60 IP=1,NP _
WRITE §IPRIN,1026) 1P, (PTNAME(I,IP),I=1,8) ,XPTLGC(IP),
2 YPTLOC(IP),ZPTLOC(IP)
FORMAT (22X,1HP,11,3H- ,8A4,2X,BHXFP =,F7 2,2X,6HYCL =,F7.2,2X,

1026

)
FORMAT (/,42X,37HSEA STATE: SIGNIFICANT WAVE HEIGHT =
,F8.2,7H METERS)
WRITE (IPRIN,1050) TMODAL(LT)

SHZBL =,F7.2)

2
S0 CONTINUE
60 CONTINUE

1065
1060

310
1070
1080
1090
1100

1110

320

WRITE (IPRIK,1055) (STATNM(I),I=1,3)

FGRMAT (/, 4ox,aA4 39H VALUE / ENCOUNTERED MODAL PERIOD (TOE))
WRITE (IPRIN 10605 ((RSPNME(I,IR),I=1,2),1IR=1,NSVRSP)

FORMAT (/ 48X, 32HMAXIMUM RESPONSES AND CONDITIONS ./ 1K,

2 130(1H~) // 14H RESPONSE ,13(4X,A4,A1))

DO 310 IR=1.NSVRSP
IV = RV(IR)

IR = RI(IR)
TEHVéIRg
TEMH(IR HDNG(TH)

TEMR(IR) = RSV(IR,IR)

IF (IR .GT. §) TEMR(IR) = TEMR(IR) = 100

TEMT(IR) = TOE(IR,IR)

iF (TEMT(IR) .CE. 99) TEMT(IR) =

CONTINUE

WRITE (IPRIN,1070) (TEMR(IR),TEMT(IR),IR=1,NSVRSP)
FORMAT (/,14H (MAX.RSV)/TOE,13(1X,F5.2,1H/,12))

WRITE (IPRIN,1080) (TEMV(IR),IP=1.NSVRSP)

FORMAT (17H AT SPEED (KNOTS; LF6.1,12F9. 1;

WRITE (IPRIN,1090) (TEMH(IR), IR=1,NSVRSP

FORMAT {174 AT HEADING (DEG).F6.0,12F9.0)

WRITE (IPRIN,1100) ((RSPNME(I,JR).I=1,2),JR=1, NSVRSP)
FORMAT (//,54%,Z0HASSOCIATED RESPONSES,/.1X,130(14-),//,

VK(IV)

nmnn

2 1SH KAX. SPEED /,/,151 RESPN. HEADING 3X A4 Al, 12(4X A4 ALY)

VRITE (IPRIN,1110)
FORMAT (1X)
DO 330 Ik=1,NSVRSF

IV = RV(IR

IH = RH(IR

MV = VK(IV) + .001
MH = HDNG(IH) 4 .001

JF (IR.EQ.6 .OR. IR.EQ.8 .OR. IR.EQ.10 .OR. Ik.EQ.12)
WRITE (IPRIN,1110)

DO 320 JR=1,NSVRSP

TEMR.(JR) = RSV(JR,IR)

IF {JR .GT. 5) TEMR(JR) = TEMR(JR)} * 100

TEMT{JR) = TOE(JR,IR)

IF (TEMT(JR) .GE. §9) TEMT(JR) = 99

CONTINUE




WRITE (IPRIN,1120) (RSPEME(I,IR),I=1,2),MV MH,{TEMR(JR),TEMT(JR),
2 JR=1,NSVRSP)
1120 FORMAT (1X,A4,A1,2X,12,1H/,13,13(F6.2,18/,12))
330 CONTINUE
WRITE (IPRIN,1130)
1130 FORMAT (//,2X,42HNQOTES: 1) RESPONSES ARE IN PHYSICAL UNITS:,/,
2 22X,60HHEAVE AND SWAY ARE IN WAVE HEIGHT UNITS; PITCH, ,
2 28BROLL, AND YAW ARE IN DEGREES;,/,22X,23HARD THE POINT VERTICAL,
2 B3HAND LATERAL ACCELERATIONS ARE IK UNITS OF G-S ¢ 100.)
WRITE (IPRIN,1140}
1140 FORMAT (©9X,51H2) POINT LOCATIONS: XFP IS IN STATION NUMBERS;
2 ,37HYCL AND 2CL ARE IN WAVE HEIGHT UNITS.)
WRITE 21PRII.1150)
1160 FORMAT(9X,52H3) HEADIKG CORVENTION: O DEG=HEAD, 90 DEG=STBD BEAM,
2 ,24H 180 DEGSFOLLOWING SEAS.)
400 CONTINUE
500 CORTINVE

CLOSE (UNIT=SEVFIL)

RETURN
END

C DECK SKFRSP
FUNCTION SKFRSP (WE,LPP,V,SFD)

REAL LPP
SKFRSP = SFD*(1. + 4.1+V/(WE*LPP))

RETURN
END

C DECK SKLIFT
SUBROUTINE SKLIFT

COMMON /APPEND/ NBKSET,NBKSTN(Z),BKIKAG(2),BKFS(2),BKAS(2),
2 BKWD(2),BKSTN(10,2),BKHB(10,2) ,BKLNTH ,BKWDTH,
2 BKWL(10,2),BKAN(30,2),NSKSET,SKIMAG(2},SKFLS{2).SKALS(2),
2 SKAUS(2),SKHB(2) SKFLEL(2)»SKALHL§2),SKAUHL(2),NRDSET,RDIHAG(Z)
2 RDRFS 2g,noaus(25 RDRHB(2) ,RDRFWL 2),RDRAHL(?),RDTFS§2),RDTAS(2
2 RDTHB(2) .ROTFWL (2}, RDTAWL(2) ,NSBSET, SBIMAG(2),SOBRFS(2) . SOBRAS (
2,S0BRHB(2),S0RRFW(2},S0BRAW (25 ,SIBI.FS(2),SIBRAS(2),SIBRHB(2),
2 SIBRFHE2§,SIBRAU(?).SBTFS(2),SBTAS(2),SBTHB(2),SBTFHL(2),
2 SBTAWL(2Y .NFNSET,FNIMAG(2) FNRFS(2),FHRRAS(2),
2 FNRHB(2) ,FNRFWL (2} FNRAWL(2) ,FNTFS(2),FNTAS(2),FNTEB(2),
2 FNTFWL(23 ,FNTAWL(2},NEXPRD,ENRDO(8) ,ENRDS (8)

COMMON /ENVIOR/ VK,NVK MU, ,NMU,OMEGA ,FOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMCDAL,WTMOD,NRAKG,RANG,RLANG,S,NNMU ,FRNUM , VFS

INTEGER NVK,NMU NOMEGA ,NSIGMA ,KSIGWH,NTMOD, NRANG,NNMU(B)

REAL vx(a),mé‘ 7,8),0MEGA(30) .SIGMA(10) ,SIGWH(4) , TMODAL(8),
2 RANG(B),RLANG(8),5(30,8) ,FRNUN(8),VFS(8}

COMMON /GFOM/ X ,NSTATN,Y,Z ,WOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBELA,KPITCH,XROLL,KYAW ,KYAWRL ,AWP VCB,FBDX,FRDY,
2 FBOZ,NFREBD,XPT,YPT,ZPT,KPTS,LCB,GHML,ASTAT ,BETAT, TITLE, MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL, CHEAVE,CFITCH,CHEAPI,CKOLL,
7 AREAMX,WSURF,GIRTH,FBDZV DBLWL, TI.CB

INTEGER NSTATN ,NOFSET(2%;,NFREBL,NPTS

CHARACTER#*4 TITLE(20)

REAL X(26),Y(10,25),2(10,25) ,FBDZV(S,10),LPP ,BEAM ,DBLWL, TLCB,
2 DRAFT,LCF,VCG,GM,DELGM ,NEBLA KPITCH, KROLL,KYAW KYAWEL ,AWP, VCB,
2 FBDX(10) ,FBOY( 10} ,FBDZ(10), XPT(10),YPT(10),2PT{10),LCB,GML,
4 ASTAT(25%,BSTAT(25),MASS,DISPLM,IPITCK,IRO{.L,IYAW,
& IYAWRL,CHEAVE,CPITCH,CHEAPI,CRULL, AREAMX,WSURF,GIRTH(25)

}

COMMON /PHYSCO/ 11,TPI,PI,PIOT,DEGRAD,RADDESG,VEMETR,METRVK,GRAV,
2 RHG,GNU,RHCS,RHOF,CNUS ,GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEY 11

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR ,METRVK,GRAV,RHO,GNU,RHOS,
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RHOF,GRUS,GEUF,FTMETR

COMMON /RLDBK/ PSUR(26),BMK(25),DK(26),CAK(26),HQ,HSPAN, BMNCED,
HAREA,HXCP,HYCP H2CP, RGAMMA , HYHAT, HEAR  HLCS ,RQ(2) .RSPAN(2),
RMNCHD (2) ,RAREA{2) ,RXCP(2),RYCP(2} ,RZCP(2) ,RCAMMAL2) ,RYHAT(2),
REARé ; RLuS(2; ,5Q(2),SSPAN(2),SMNCED(2) ,SAREA(2),SXCP(2),
SYCP(2) | SZCP(2) .SGAMMA(2) ,SYHAT(2) ,SEAR(2),SLCS(2) 80(2)
BSPAN(2§ BMNCHD(2) ,BAREA(2) ,BXCP(2), Bvcp(25 BZCP (2}, BGAMMA(2) ,
BYRAT(2) .BEAR(2),BLCS(2) ,FQ(2) ,FSPAN(2) ,FMNCHD(2) rAasAé ;
FXCP(2; FYCP(2) ,FZCP(2) ,FGAMMA{2) ,FYBAT(2) ,FEAR(2} FLCS(2
PQ(2,2) . PSPAN(2.2),PMNCHD(2,2),PAREA(2,2) ,PXCP(2,2},PYCP(2.2),
PZCP(2,2) pcAnuA(Q 2),PYRAT(2,2),PEAR(2,25,PLCS (2,23,
STADMP{10) ,SHPDMP(10,8) ,ENCON .WPHI , TPHI .WMELN(4,0),SFELM(4,9,8)
REELM(4, 9 8) ,PEELM(4.9,8) ,FEELM(4,9,8) ,HEELK(4,9,85, BEELH( .9.85,
ENWM,ENSF(8,8) ,ENRE(8) .ENPE(8) ,ENFE(8) .ENEE(8) . ENBE(8

snauvga 8), znnnga) CENPL(8) ,ENFL(8),ENAL(8), ENSL(B).ENBL(B)
ENSEP(8.8) 'RELM(4,9),ITS(28),RD(26} ,EDDY(8.256),RGB(25)

REAL RDBLK{2692)
EQUIVALENCE (PSUR(l),RDBLX(l))

REAL LCS,MCHORD
IF (NSKSET .EQ. 0) GO TO 20
EN = 0

STASPC = LPP/20

DO 10 K=1,NSKSET

XSKF - LCB - SKFLS(K)*STASPC
XSKAU = LCB - SKAUSEK%*STASPC
XSKAL = LCB - SKALS(K)sSTAST.
YSKG = SKHB(K)

ZSKF = SKFLWL(K) - (DBLWL+VCG)
ZSKAU = SKAUWL(V) - (DBLWL+VCG)
ZSKAL = SKALWL(K) - (DBLWL+VCG)
Q = SKTM.u(K)

GAMMA = - 90

SraK = ZSKAU - ZSKAL

MCHORD = (XSKF = XSKAL)/2

area

AREA = SPAN+=MCHORD

center of pressure

XCP = XSKAL + (XSKF - XSKAL)/3
YCP = YSKG
2CP = ZSKF + (ZSKAU ~ ZSKF)/6

moment arm

GAM = GAMMA*DEGRAD
YHAT = YCP*COS(GAM) + ZCP#SIN(GAM)

effective aspect ratio

EAR = 2#SPAN/MCHORD

lift curve slope

LCS = (PI/2)#EAR
SQ(K) = Q

SSPAN(K) = SPAN
SMNCHD(K) = MCHORD
SAREA(K) = AREA

SXCP(K) = XCP
SYCP(K) = YCP
SZCP(K) = ZCP
SGAMMA(K) = GAMMA
SYRAT(K) = YHAT
SEAR(K) = EAR
SLCS(K) = LC

EN = EN + Q‘(RHO/?)‘AREA‘LCS‘YHAT'YHATOUPHItENCON
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CONTINUE

CONTINUE

DO 30 IV=31,NVX

ENSL(IV) = ©

IF (NSKSET .GT. 0) ENSL(IV) = ENsVFS(IV)
CONTINUE .

RETURN f*
END

SKNFRC
SUBROUTINE SKNFRC

COMMON /CE3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
IMMIN,IMMAX  IMDST, . TMTH  LMAX

KEAL SIGHIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMI¥ LMAX

COMMON /ENVIOR/ VK,KVK,MU,NMU OMEGA,KOMEGA,SIGMA,NSIGMA,SIGWH,
NSIGWH,TMODAL ,NTMOD ,NRARG .RANG ,RLANG, S, NNMU, FRNUM , VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH  NTMOD, NRANG, NRMU(8)

REAL VK(8),MU(37,8),0MEGA(30) .SIGMA(10),SIGWH(4),TMODAL(8),
RANG(8),RLANG(8),S(30,8) ,FREUM(8), VFS(8}

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM ,NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL , AWP , VCB, FBDX ,FBDY,
FBDZ , NFREBD, XPT, YPT,ZPT, NPTS,LCB, GML , ASTAT, BSTAT, TYTLE, MASS,
DISPLM,IPITCY,IROLL.IYAW,IYAWRL,CHEAVE,CPITCH, CHEAPY, CROLL,
AREAMX . WSURF,GIRTR,FBDZV DBLWL,TLCB

INTEGER NSTATN,NOFSET(25) ,KFREBD,NPTS

CHARACTER®4 TITLE(20)

REAL X(25),Y(10,25),2(10,25) ,FBDZV(8,10),LPP ,BEAM ,DBLWL,TLCB,
DRAFT,LCF.VCG,GM,DELGM , NEBLA ,KPITCH, KROLL , KYAW ,KYAWRL , AWP, VCB,
FBDX(10) ,FBDY(10) ,FBDZ(10),XPT(10),YPT(10},2PT(10),LCE,GML,
ASTAT(25},BSTAT(26),MASS ,DISPLM, IPITCH, IROLL,IYAW,
IYAWRL,CHEAVE,CPITCH, CHEAPI , CROLL, AREAMX , WSURF , GIRTH(25)

COMMON /PHYSCO/ II,TPI,PI,PICT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
%Hgéggg.¥¥OS.RHOF.GNUS.GNUF.FTHETR,PUNITS,REYSCL
0

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,REO,GNU, RHOS,
RHOF ,GNUS , GNUF ,FTMETR

COMMON /RLDBK/ PSUR(26),BMK(26),DK(25),CAK(26),HQ,HSPAN, HMNCHD,
BAREA,HXCP ,HYCP ,HZCP ,HGAMMA ,HTHAT HEAL ,HL.CS,RQ(2),RSPAN(2),
RMNCHD(2) ,RAREA(2) ,RXCP(2),RYCP(2) ,RZCP(2),RGAMMA(2) ,RYHAT(2),
REAR§2),RLCS§2),SQ(2),SSPAN(?),SHNCHD(Z),SAREA(?) SXCP(2),
SYCP(2).SZCP(2) .SGAMMA(2),SYHAT(Z),SEAR(2),SLCS(2,BQ(2),
BSPAN(2), BMNCHD(2) ,BAREA(2) ,BXCP(23,BY P(25,BZCP (2}, BGAMNA(2),
BYHAT(2),BEAR(2),BLCS(2),FQ(2),FSPAN(2. ,FMNCHD(2),FAREA(2),
FXCP(2g,FYCP(2).FZCP(?),FGAHHA(2),FYBAZ(?),FEAR(25 FLCS(2),
PQ{2,2),PSPAN(2,2) ,PMNCHD(2,2),PAREA(2,2) ,PXCP(2,2} PYCP(2.2),
PZCP(2,2),PGAMMA(2.2) ,PYRAT(2,2) ,PEAR(2,25,PLCS (2,23,
STADMP(103 ,SHPDMP(10,8) ,ENCON .WPHI , TPHI .WHMELM(4,9} ,SFELM(4,9,8)

REELM(4,9,8) ,PEELM(4,9,8) ,FEELM(4,9 8;.HEELH(4,9.85,BEELH(4,9.85,

ENWM,ENSF(8,8),ENRE(8) .ENPE(8) ,ENFE(8 ,ENHE(8) ,ENBE(8),

ENEMV%G,B;,ENRLEB).ENPL(S),ENFL§8) ENHL(8) ,ENSL(8),ENBL(8),

ENSHP(8.8) .RELM(4,9),ITS(26) ,RD(25) ,EDDY(8.25),RGB(25) ;
REAL RDBLK(2692) .

EQUIVALENCE (PSUR(1),RDBLK(1)) B

DATA RNT/3.ES/

1J 10 IA=1,NRANG

DO 10 IS=1,NSIGMA

SHPDMP(IS5,IA) = ©

CONTINUE

DO 40 K=1,NSTATN .
IF (NOFSET(K) .LT. 2) GO TO 40 ’
RSZ= eéégl*((0.887#0.145*CAK(K))‘(1.7‘ABS(DK(K))*CAK(K)*Z‘BHK(K))

+ 2.8V

‘\
¢




COK = 4./(3.¢PI)eRHO*PSUR(K)*RSee3

DO 30 IA=1,NRANG

DO 20 IS=1 ,NSIGMA

PERE = TPI/SIGMA(IS)

RE = (3.22¢(RS*RANG(IA))**2 / (PERE*GNU)) & REYSCL

* laminar flow
CF = 1.328/SQRT(RN)
» turbulent flow

IF (RF .GE. RNT) CF = CF + 0.014¢RN*+(-0.114)
STADNP(IS) = CON*SIGMA(IS)*RANG(IA)*CF
STADHPEIS) = SIGMA(IS)*STADNP(IS)
SHPDMP(TS IA) = SHPDMP(IS,IA) + STADMP(IS)
20 CONTINUE
30 CORTINUE
40 CONTISUE
DO §0 IA=1,HRANG
CALL SPFIT (SIGMA,SHPDMP(1,IA),SFELK(1,1,IA)
ENSFO = ENCON*REVAL (SFELM{1,ISIGMA,IA},wTSI}
DO 45 IV=1,NVK
ENSF(IV,IA) = SKFRSP (WPHI,LPP,VFS(IV), ENSFO)
45 CONTINUE
50 CONTINUE

RETURN
END

C DECK SLENTH
SUBROUTINE SLENTH (AS,K)

CHARACTER®*(*) AS
L=LEN(AS)

NSIGMA)

K=K-

IF (AS(K:K).NE.CHAR(32)) GO TO 20 ! Test for trailing blanks
10 CONTINUE
20 CONTINVE

RETURK
END

C DECK SMP83 - Standard Ship Motion Program (SMP93)
PROGRAM SMPB3

- Standard Ship Motiocn Program (SMP93)
. for Personal Computers

* Operating system MS-DOS Version 4.01
* FORTRAJ 77 using Lahey Fortran
» Overlay linking using PLINK86

. Hull plot and Speed Polar/Density plots
- done in separate programs
* usang HALO graphics language

COMMON /APPERD/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
2 BKWD(2),BKSTN(10,2),BKHE(10,2),BKLNTH ,BKWDTH,
2 BKWL(10,2),BKAN(10,2) ,RSKSET.SKIMAG(2),SKFLS(2),SKALS(2),
2 SKAUS(2),SKHB(2) sxFLuL(7\.sxALngzg,sxAuung).NRDSET.RDIHAG(2>
2 RC (15, * 'RDRAS (25 RDRHE(2).RDRFWL(2).RDRAWL.2) 'RDTFS.2) RDTA=(2).
2 RDTHB(%, , DTFWL(2) RDTAWL(2) NS3SET,SBIMAG(2),SOBRFS(Z).SOBRAS/2)
2,SuBR.3(2} ,SOBRFW(2),SOBRAW(Z),SIBRFS(2),SIBRAS(2),SIBRHB(2),
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SIBRFUéz) ,SIBRAW(2),SBTFS(2),SBTAS(2),SBTHB(2),SBTFWL(2),
SBTAWL(2) ,NFNSET,FRIMAG(2), FRRFS(2), FNRAS(2),

FNRHB(2) ,FNRFWL(2) ,FNRAWL(2) ,FNTFS(2), FNTAS(2) FRTHB(2),
FRTFWL(2) ,FITAWL (2}, NEXPROD, EHRDO(B) ENRDS (8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,VWTSI,
IMMIN, IMMAX, IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
LRAOPR ,ADRPR,ORGOPTN, GHNOH KG STATN(ZS) NSOFST(28)

HLEHF(ZB) HLFBTH(IO 25) HTRLHE(IO 28), BLEHF(ZS),LLEHFE25;
AREALF(2SS ¥PTLOC, PTNUHB(IO) PTNAHE XPTLOC(10) ,YPTLOC(10
ZPTLOCﬁlO? ,NBB, FBNUHB(lO) FBNAHE XPTFBD(10) ,YPTFBD(10),
ZPTFBD(10) FBCODE(IO) FBTYPE,RDOT(10) , VKDES FNDE®,

STATNH, STATIS

CHEARACTER*4 PTRAME(8,10) ,FBNAME(8,10) ,STATNM(5) ,FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR, ADRPR,RLDMPR,FBCODE,
ggggﬂgéPTiUﬂB.ORGOPTN

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWE,
NSIGWH,TMODAL,NTMOD,NRANG.RANG,RLANG,S,NKMU, FRNUM, VES

INTEGER NVK,NMU,KOMEGA,NSIGMA ,NSIGWH,NTMOD, NRANG , NNMU(8)

REAL vx(s).nu§37.a).onscn(ao).s:cna(1o) SIGWH(4) . TMODAL(8),
RAKG(8),RLANG(8B).S(30,8) ,FRNUM(8), VFS(8}

COMMON /FINCON/ IACTFN,IFCLCS ,FGAIN(8),FK(3),FA(3),FB(3),
FCLCS(8,2)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM, NEBLA,KPITCH, KROLL,KYAW,KYAWRL , AWP , VCB, FBDX , FBDY,
FEDZ NFREBD, XPT, YPT,ZPT,NPTS,LCB,GHL , ASTAT, BSTAT, TITLE, MASS,
DISPLM,IFITCH,TROLL.IYAW, IYAWRL,CHEAVE,CPITCH, CHEAPI, CROLL,
AREAMX . WSURF , GIRTH,FBDZV ,DBLWL, TLCB

INTEGER NSTATN,NOFSET(255,NFREBD,NPTS

CHARACTER*4 TITLE(20)

REAL X(26),Y(10,25),2(10,25) ,FBDZV(8,10),LPP,BEAM,DBLWL , TLCB,
DRAFT,LCF,VCG,GM,LELGM , NEBLA . KPITCH . KROLL ,KYAW, KYAWRL , AWP , VCB,
FBDX(10) ,FBDY(10) ,FBDZ(10),XPT(10),YPT(10),2PT(10),LCB,GHL.,
ASTAT(25% ,BSTAT(28) ,MASS,DISPLM, IPITCH, IROLL  IYAW,

IYAWRL, CHEAVE,CPITCH,CHEAPI, CROLL , AREANX, WSURF , GIRTH(25)

COMMON /HULL/ AZ€

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX,LRMIDX,LSVIDX
REAL PFIDX(2355, RMIDX({183),SVIDX(3)

COMMGN /L0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRrIL,APLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL, IPRIN,
SCRFIL,BPLFIL,LRAF1L,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /LOADS/ NLOADS,SWGHT(25),SMASS(25),XLDSTN(10),XLDXPT(25),
LSTATN(26)

COMMON /PELEM/ PELEM
COMPLEX PELEM(4,1000)

CCMMON /PRYSCO/ 11,7PI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GKAV,
RHO,GNU,RROS,RHOF ,GNUS ,GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX II

CHARACTER*4¢ PURITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR, METRVK,GRAV,RHO,GNU RHOS,
RHOF ,GNUS, GNUF , FTMETR

COMMON /RDGEO/ BKLEN, WBKMAX ,DLBKEL(26),SRBS(26),PHIS(25),CPS(25),
BKT(25) ,RKE(25) ,SSTR(25)
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COMMON /RESPN/ NRESP,IPOINT(182),IMOTN(182),ITYPE(182),
2 ILIN(182),ISYM(182)
LOGICAL ILIl ISYNM

COMMOE /RLDBK/ PSUR(25),BMK(26),DK(25),CAK(25),HQ,BSPAN EMNCHD,
HAREA,RXCP ,HYCP,B2CP,BGAMMA , HYBAT  BEAR .HLCS,RQ(2) .RSPAN{2),
RMNCHD(2) , RAREA(2) ,RXCP(2) ,RYCP (2% ,RZCP(2) ,RGAMMA(2) ,RYRAT(2),
REARE ; RLCSE g ,SQ(2),SSPAN(2),SMNCED(2), SAREA(2) sxcp(z)
SYCP(2) 'SZCP(2) .SGAMMA(2),SYHAT(2),SEAR(2),SLCS(25,BQ(2),
BSPANE § BMNCHD{2) ,BAREA(2) ,BXCP(2),BYCP (25, BZCP (2}, BGAMMA(2) ,
BYHAT(2) .BEAR(2),BLCS(2),FQ(2) ,FSPAN(2) ,FM¥CED(2) FAREAE g
rxcp(zg "BYCP(2),FZCP(2) ,FGAMMAL2) ,FYRAT(2) ,FEAR(2} 2
PQ(2,2) PSPAR(2.2),PMNCHED(2,2),PAREA(2,2) ,PXCP (2,2} ,PYCP(2.2),
PZCP(2,2),PGAMMA(2.2) ,PYRAT(2,2) ,PEAR(2, 2} ,PLCS (2,2},

STADMP{10% SrrDMP(10,8) ,ENCON WPKI,TPHI .WMELW(4,0),SFELM(4,9,8)
REELM(4,9,8),PEELM(4.9,8) ,FEELM(4,9 sg  REELM(4,9,8) BEELM(4,9,8},
ENWM,ENSF{8,8) ,ENRE(8) .ENPE(8) ,ENFE(8) . ENHE(8) .E¥BE(8)

ENEMV(8,8) ,ENRL(8),ENPL(8) ,ENFL(8) ,ENEL(8) ,ENSL(8), ENBL(B)
ENSEP(8.8) .RELM(4,9),1TS(25),RD(25},EDDY(8,25), RGB(25)

REAL RDBLK{2692)

EQUIVALENCE (PSUR(1),RDBLK(1))

COMMON /SEVERE/ NRSIND,RSINDX,KSWIKD,SWINDX,RSVTOE,RV,RE
REAL RSIRDX(14).SHINDX(S),RSVTOE(4025
INTEGER RV(13),RE(13)

COMMON /SMPSYS/ FIS,AS,SIS,S0S,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
SMPOS ,SMPDS ,SRPTYPS,SHIPS,VARS,CYCLS , TITLES,OPTION,LSIS,LSOS,
LSDS,LEALDS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
LSHIPS,LTITLES

CHARACTER*160 AS

CHARACTER*80 FIS5,SIS,S0S,SDS,TITLES

CHARACTER*20 RALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SHPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2

INTEGER*2 OPTION

COMMON /STATE/ LAT,VAT,LOADS,ADDRES,SALT,READ,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES, SALT,HEAD, EXROLL, BKEEL

COMMON /STELEM/ STELEM
COMPLEX STELEM(4,9,250)

COMMON /TELEM/ TELEM
COMPLEX TELEM(4,9,10)

COMMON /TWOD/ YY, ZZ, ENN, ISTA
INTEGER ISTA
KREAL YY(10,25),22(10,25) ,ENN(4,10,25)

COMMON /WGHTS/ WTDL,NORM
REAL WTDL(10,25),NORM(4,10,25)

CHARACTER*2C DS,TS,ES,T1S,T2S

PDRMNNDDRODVONODRRPDONON

[SA SN

* START

*+ 851 underflow to zero

* CALL UNDERO (.TRUE.)
CALL UNDFL (.TRUE.)
AS='CLS’

CALL SYSTEM (AS)
CALL PRELIM
CALL RDSNMPSYS

FIS = S0S(1:LS0S)//'.TEX!'
OPEN (TEXFIL,FILE=FIS,FORM='FORMATTED',STATUS='UNKNOWN"’)
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AS = *(/19X,"STAKDARD SHIP MGTION PROGRAM, SMP83"/25X,’'//
2 '“FOR PERSONAL COMPUTERS")'
WRITE §* +AS)

WRITE (TEXFIL,AS)
AS = ’E/28X "DTRC  CODE 1661")’
WRITE (+,AS

WRITE (TEXFIL,AS)

CALL P TE (DS)
$//28k “DATE = *,420)°
n**v “, A%)

WRITE (TEXFIL AS) DS

CALL TIME (TS)

T1S=TS

AS = 'g/eex “TIME = " ,AB)’
WRITE (*,AS) TS

WRITE (TEXFIL,AS) TS

§ = *(//2X,"Running - )’
WRITE g‘,AS)
WRITE (TEXFIL,AS)
AS = ’2//" CALL INPUT")®
WRITE (»,AS)
WRITE (TEXFIL,AS)
CALL INPUT
CALL TIME ('I25)
CALL ELTIME (T1S,T2S)
T15=T2S
IF (OPTR .EQ. 1) GO TO 10
AS = '(//" CALL REGWAV")’
WRITE (=,AS)
WRITE (TEXFIL,AS)
CALL REGWAV
CALL TIME (T2S)
CALL ELTIME (T1S,T2S)
TiS=T2E
AS = ’g//“ CALL IRGSEA")'
WRITE (*,AS)
WRITE (TEXFIL,AS)
CALL IRGSEA
CALL TIME (T2S)
CALL ELTIME (T1S,T2S)
T15=T2S
AS = '(//" CALL OUTPUT")'
WRITE (#*,AS)
WRITE (TEXFIL,AS)
CALL OUTPUT
CALL TIME (T2S)
CALL ELTIME (TiS,T2S)
= QUIT

10 CONTINUE
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AS = *(//2X,"Finished ! ")’
WRITE (*,AS
WRITE (TEXFIL,AS)

CALL TIME (ES)
CALL ELTIME (TS,ES)

CLOSE (UNIT=TEXFIL)
CLOSE (UNIT=IPRIN)

STOP
END

C DECK SOLVE
SUBROUTINE SOLVE (N,COFF,EXC,MOTN,UL,IP,IPRIN)

* ®

This routine obtains a solution of the lateral or vertical
equations of motion.
» W.G.MEYERS, DTNSRDC, 072977

COMPLEX COFF,EXC,MOTN,UL

INTEGER N,IP

DIMENSION COFF(N,N),EXC(N) ,MOTN(K),UL(N,N)
DIMENSION IP(N)

CALL CDCOMP(N,N,COFF,UL,IP)
IF (IP(N) .EG. O) WRITE (IPRIN,1000)
1000 FORMAT (42H SOLVE -- PROGRAM STOP. MATRIX SINGULAR.)
IF (YP(N) .EQ. 0) STOP
CALL CSOLVE(N,N,UL,EXC,MOTN,IP]

RETURN
END
C DECK SPFIT
SUBROUTINE SPFIT (X, Y, ELEMS, NFTS)

_ SPFIT created from SPLINE E N HUBBLE JUNE 19
fits cubic non-parametric spline segments
to set of real data points

* &8

* INPUTS

* X = array of real independent variables

. Y = array of real dependent variables

* NPTS = number of (X,Y) data points

* RETURN

* ELEMS = array of (NPTS-1) segments in following form

» ( Y(I), D(I), Y(I+1), D(I+1) ) , Where

* D = array of second derivatives at data points

- arrays A,B,C are mainly sub diag., diagonal, and super diag.
* D array is the right hand side of matrix equation

* second derivatives at nodes are placed in D array after solution
* solution technigue i3 gaussian elimination

3

boundary conditions set by extrapolation of second derivatives

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL, IFRIN,
SCRFIL,HPLFIL ,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

DIMENSION XENPTS),Y(NPTS),ELEHS(4,NPTS)
DIMENSION A(100), B(100), C(100), D(100)

[STS TN S E N

N = KPTS

K1 =N-1
NL2 = R - 2
DO 50 I=2,N

IF (X(I) .GT. X(I-1)) GO TO 80
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S0

100

125

150

200

250

275

WRITE (IPRIN,888) X{I-1),X(I)
GO TO 66888

CONTIRUE

IF (N ,LE. 100) 70 TO 100
WRITE (IPRIN, 999)

X = 100

CONTINUE

IF (N .GT. 2) GO TO 125

Dgig 0.0

D(2 0.0

GO TO 376

CONTINUE

IF (N .GT. 3) GO TO 160

YDD = 2, —g(x(a)-x(z))~v(1)+(x(2 )=X(1))*Y(3)~(X(3)-X(1))=Y(2))
4 (x(s)-xbz))-(1(2)-x(1))‘(x(3) X(1)))
D 23 YDD

D(3 YDD

GO TO 376

CO!TIKUE

DO 200

1)
z§%z

set up matrices(a tridiagonal structure)

"nn

AC1) = (X(3)=X(2))/(X(3)=X(1)}

CEi) = 2.0

B I S A ) (312 (1) Y (1)) /
1) = 6.0* 3)-Y(2 3)-X(2))-(Y(2)-Y(1

DG S ey xS

H = X(3) - X(2)

DO 250 I=3,HL1

HP = X(I+1} - x(D)

C(I) = LP / (H$HEP)

B(1) = 3.0

A(I) = 1.0 - C(I)

D(T) = 60+ ((Y(I+1)=Y(1))/BP~(¥(1)~Y(1-1))/R)/ (BP+)

CONTINUE

set boundary conditions
(1(2) X(1))/(x(3)-X(2))
-1 0 ~C(2)

-A(2)-A(1)/ (1) +

(X(N)-X(N=-1))/ (X(N 1) -X{(¥-2))
-1.0 - C(N)

[od..F FoXolelk. -k Jol
PN NN S N
EEZZONDPODNN
N et N e A N

L T T N T L B O (]

solve aquatiuns

I
. 1.,0E-06) GO TO 275
/ I

)

g - CONST*CEI)
~ CONST«D(I)
L2) GO TO 300

- CéN)'CEI) / B(I)
= C(N)*D(1) / B(I)

CONTIRUE




~

(1) / ¢(1
D(I1) - B(I1)+D(I)
A(I1)

0.0
3(12) - A(I2)sD(I)
)
1
]
N

wmaann

.0
. RL2) GO TO 300

(et dat dvh d-Aviel]
e P

300

nwoc
W~ ~Am

gtB(N) -~ C(NL1)#A(N)

w
3
~N W~ P RN - s

[
- oz R I S R
wox ~m

HHZEOQONN

NL1)+B(N) - C(NL1)*STORE) / DET

o)
©

5 ,NL2

OO0
—HOC DA~
=
11—
|}

¥
L
gb%i)'D(H) ~ D(NL1)*A(N)) / DET
2
1
Q

J
IF

JI .EQ. IP) GO TO 330
IF (J .so. I1I) GO TO 325
DAII) = (DQII)- c(JI)tD(JI+1))/B(JI)
GO TO 350
325  CONTINUE

IP = JI-1
STORE = D{JI)
DEJI) D(1IP)
D(IP) (STORE - C(IP)*D(JI+1))/B(IP)
350 CONTINUE
: D(1) = (D(1) - A(1)*D(3) - C(1)*D(2)) / B(1)

- set up spline segments
378 CONTINUE
4, é

DO 400 I=1,§L1 .
400 CONTINUE l -

[N
U=<O =<
=
[N

~~——

99999 CONTINUE

RETURN
88888 CONTINUE

SToP
888 FORMAT g’ SPFIT -- X VALUES NOT ASCENDING', 2E16.
999 FORMAT ('0

END

8)
SPFIT -~ NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED’)

C DECK SPINT2
SUBROUTINE SPINT2 (SEGS, WSEGS, AREA, NS, TS, NE, TE, IWAY)

*

evaluates the integral of a function given as a parametric spline

INPUTS
SEGS
NSEGS
NS
TS
XE
TE
IWAY
IWAY

RETURN
» AREA = INTEGRAL (AREA UNDER CURVE) FROM (NS+TS) TO (KE+TE)

spline segements generated by SPLNT2

number of spline gegments

index of segment for start of integration

t parameter for start of integration

index cf segment Yor end ¢f integration

t parameter for end of integration

-1, 1if integral of y dx is to be evaluated
0 , 1if integral of x dy is to be evaluated

LN IR B R N BE BE NE

(IO B I I LI L 1 I 1}

L

COMMON /1I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,CCFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,




2 SCRFIL,HPLFIL,LRAFIL,ORGFIL ,RAQFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

DIMENSION SEGS(8,NSEGS),CC(14),T(2),A(2)

AREA = 0.0 -
IF (NS.GE.1 .AND, X¥S.LE.NSEGS) GO TO 100
WRITE (IPRIK,981) KS
GO TO 95999
100 CONTINUE
IF (NE.GT.NS .AND. NE.LE.NSEGS) GO TO 150
WRITE (IPRIN,992) NE
GO TO 99999
150 CONTINUE
IF (TS.GE.0.0 .AND. TS.LE.1.0) GO TO 200
WRITE (IPRIN,993) TS
GO TO 96999
200 CONTIRUE
IF (TE.GE.0.0 .AND. TE.LE.1.0) GO TO 250
WRITE (IPRIN,994) TE
GO TO 999¢9
250 CONTINUE
IF (IUAY .EQ. 0) GO TO 350

K =
J = 2
GO TO 400
350 CONTINUE
K= 2
J=1
400 CONTIRVE
J2 = 3+ 2
a=J)+4
Je =]+86
Ke = K + ¢
K8 = K + 8
K10 = K + 10
DO 600 I=NS,NE
T{1) = 0.C
T(z) = 1.0
IF (I .EQ. NS) T(1) =TS
IF (I .EQ. NE) T§2) = TE
CALL CUBCO02 (SEGS(1,I), €C)
DD1 = (CC(J)scc(ke)$ /'s.0
DD2 = (CC(J)*CC(K10) + CC J2)‘CC€K8)) / 5.0
pb3 = (CC(J )*ccEK4) + CC(J2)*CC(K10) + ccgJ )vcc(xa)g / 4.0
DD4 = (CC(J2)*CC(K4) + CC(J4)}*CC(K10) + CC(J6)*CC(K8)) / 3.0
DDS = (CC(J4)+CC(K4) + CC(JIB)+CC(K10)) / 2.0
DD6 = CC(J6)+CC(K4)

DC 550 L=1,2
IF (T(L) .GT. 0.0) GO TO 450

450 CONTINVE
IF (T(L) .LT. 1.0) GO TO S00
A(L) = DD1 + DD2 + DD3 + DD&4 + DD5 + DD6
GO TO 550
500 CONTINUE
A(L) = ((((( DD1 = T(L) + DD2) s T(L) + DD3) = T(L) + DD4)
2« T(L) + DD6) » T(L) + DD6) » T(L)
§50 CONTINUE
AREA = AREA + A(2) - A(1)
600 CONTINUE
99999 CONTINUE

RETURN

991 FORMAT (’0 SPINT2 -- NS ="
992 FORMAT ('O SPINT2 -- NE ='
933 FORMAT ('O SPINT2 -- TS =
994 FORMAT ('0 SPINT2 -- TE ="

R ! OUT OF RANGE’ )
. ’ OUT OF RANGE' )
, E12.5, OUT OF RANGE’ )
, E12.5, 7 QUT OF RANCE’ )

ERD




C DECK SPIRTG
SUBROUTINE SPINTG (XA, XB, X, NPTS, ELEMS, A, CINTG, SINTG)

b SPINTG created from SUMSPL and SPLYFIT

- evaluates the -integral of a real function defined by

* non-parametric spline segments

* IRPUTS

* XA = lower limit of iutegraticn

» XB = upper limit of integration

* X = array of independsunt variables

- NFTS = number of values in x-array

. ELEMS = non-parametric spline segments generated by SPFIT
- A = constant for spscilic integral to be evaluated

* RETURNS

* CINTG = INTEGRAL CF F§X) * COS(A‘X%

» SINTG = INTEGRAL OF F(X) + SIN(A+X

- IF A =0.0, THEN CINTG = INTECRAL OF F(X), AND SINTG = 0.

DIKENSION XCNPTS), ELEMS(4,¥FTS)

TS =000

JIt.g = 0.0

CALL SPLVAL (X, KPTS, ELEMS, XA, YA, SA, IA)
CALL SPLVAL EX, NPTS, ELEMS, X3, YB, 3B, IB)
A2 = A = A

A = A * A2

Ad = A * A3

DO 806 IsIA,IB

IF (I .GT. IA) GO TO 100

X1 = XA

X2 = X(I"’L)

Yi = YA

Y2 = ELEMS(2,1)

S1 = SA

S2 = ELEMS(q,I)

G0 TO 300

200 CONTINUE
IF (I LT, IR) GC TO 200

X1 = X{I)
X2 = XB
Y1 = ELEMS(:,I
Y2 « YB
S1 = CLEMS(2,I)
S2 = SB
GO TO 300
200 CONTINUE
Xt = Xél)
X2 = X(I+1)
Y1 = ELEMS(1.,1)
Y2 = ELEMS(3,71)
S1 = ELLKS(2,1)
$2 = ELEMS(4,1)
380 CONTINUE
XX = X2 - X1
I¥ (A .NE. 0.C} GO TO 400
SEGINT = (Y2+Y3i) » XX / 2. =~ (S2+S1) = XX=¢3 / 24,
CINTG = CINTG + SEGINT
G0N To 801

450 CONTINUE ,
Zhh = (S2-51) / (XX * 6.)
S1 /2

BB !’ 2. ,
ZCC = (Y2-Y1) / XX = (G2 + 2.%51) » XX / 6.
AXX = A % XX

E = SIK (AxX)

F = G35 (AXX)

XY = XX ¢ XY

X3 = XY » XX2
= C3 wpAZeYYD — 6.3 / K4
z (A2#Y13 - 6.%XX) / A3

e 4
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600

C DECK

LS4 V] [N 8]

C DECK

RILI NI NN

[ R N

AAL = FeP + EsQ + 6./A4
AA2 = E*P - Feo

PP = (2.%XX) / A2

0Q = (A2«XX2 - 2.) / A3
BB = F+PF + E#*QQ

BB2 = EePP —-FeQQ - 2./A3
XXA = 1X / A

CC1 = (F-1.)/A2 + E*XXA
cC2 = E/A2 - FsXXA
DD1 = E/A

DD2 = (1.-F)/A

AX1 = A + X1

VV = COS 2Ax1)

UU = SIF (AX1)

PPP = EAAltZAA + BB1#2BB + CC14ZCC + DD1¢Y1§
= (AA2sZAA + BB2#ZBB + CC2+ZCC + DD2sYi
= UU«PPP + VV+QQ2]
CISEG = VV*PPP - UU»QQQ
= CINTG + CISEG
= SIKTG + SISEG
CONVTIRUE

SPLNAR
SUBROUTINE SPLNAk (P,NPTS,SPAREA,PSEGS,NS)

COMMON /IO/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,6IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL, RAOFIL,’MSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEF1L

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL ,CRGFIL,RAOQFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

DIMENSICR P(2 10) PSECS(R,Q)
DIMENSION NDI(2),ENDI(2,2)

DATA ZERO,ONE /0.0,1.0/
DATA NDI,ENDI /2+1,4#0.0/

CALL SPLNT2 éPSEGS,P,NPTS.NDI.ENDI)
CALL SPINT2 (PSEGS,NS,SPAREA,1,ZERO,¥S,0NE,O)

RETURN
END

SPLNFT
SUBROUT1RE SPLNFT

routine usaa to wraite offsets to HPLFIL for graphics

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR RAOPR,RLDMPR DISPLMT,
LRAOPR,ADRPR,DRGOPTN ,GMNOM,KG,STATN(25) ,NSOFST(26),
NLEVF(25) HLFBTH(!O,?S).UTRLNE(lO.?S),BLEHF(QS),TLEUF%QS;
ARCALF(25) ,NPTLOC ,PTNUMB(10) ,PTNAME,XPTLOC(10),YPTLOC(10
ZFTLOC/10),NBB,FBNUMB(10) FENAME ,XPTFBD(10) ,YPTFBD(10),
ZPTFBD(10) ,FBCODE(10) ,FBTYPE,RDOT(10) ,VKDES ,FNDES,
STATNM.STATIS

CHARACTER#4 PTNAME(B,10) ,FBNAME(B,10) ,STATNM(5) FBTYPE(3,10)
INTEGER OPTh ,KOTN ,BSCFIL,VLACPR,RAOPR ,ADRPR,RLDMPH,FBCODE,
FBNUMKE,PTNUMB,ORGOPTH

REAL KS

COMMON /GEOM/ X ,RSTATN,Y,Z HOFSET,LPP,BLAM DRAFT,LCF,
VCG,GM,DELGM ,NEBLA ,KPITCH,KROLL ,KYAW ,XYAWRL ,AWP,VCB,FRDX,FBDY,
FBDZ ,NFREED,XPT,YPT,ZPT NPTS,LCB,GML ,ASTAT ,BSTAT, TITLE ,MASS,
DISPLM,IPITCH,JROLL, IYAW IYAWRL ,CHEAVE,CPITCH,CHEAPI ,CROLL,
AREAMX WSURF,GIRTH,FBDZV ,DBLWL,TLCB

INTEGER NSTATK NOFSET(25),KFREBD,NPTS

CHARACTEh=*4 TITLE(20)

REAL X(25),Y(10,25),2(10,25) ,F3DZV(8,10),1.PP ,BEAM,DBLWL, TLCB,
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30

1000
1010
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DRAFT,LCF,VCG,GM,DELGM ,NEBLA ,KPITCH,KROLL ,KYAX ,KYAWRL, AWP,VCB,
FBDX(10) ,FBDY (10} ,FBDZ(10) ,XPT(10) ,YPT( 10} ,2PT(10) ,LCB,GML,
ASTAT(26) ,BSTAT(2b) ,MASS,DISPLY,IPITCYH,IROLL,IYAW,

IYAWRL, CHEAVE,CPITCH,CHEAPI,CROLL, AREAMX,WSURF,GIRTH(25)

COHMON /10/ SYSFIL,POTFIL,CUFFIL,LCOFIL,ICARD,TEXIIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL ,ORGFIL,RAOFIL ,RHSFIL,SEVFIL,SPOFIL,
SPTFIL,LACFIL ,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXrin,ITRIN,
SCRFIL,HBPLFIL,LRAFIL ,ORGFIL,RAOFIL ,RMSFIL,SEVFIL,SPDFIL.,
SPTFIL,LACFIL,LAEFIL

COMMOY /PBYSCO/ II,TP1,P1,PI0QT,CEGRAD,RADDEG,VEMETR,METRVK,GRAV,
RHO,GNU,RKGS, RROF,GNUS,GKUF ,FTMETR , PUNITS , REYSCL

COMPLEX II

CHARACTER¢4 PUNITS(2)

REAL TPI.PI,PIOT,DEGRAD,RADDEG,VKMETR, ®ETRVK,GRAV ,RHO,GNU,RHCS,
RHOF,GNUS,CNUF ,FTMETR

COMHON /SMPSYS/ FIS,AG,S1I5,S0S,5DS,HALOS,DEV,PRN,SHPPS, SHPIS,
SMPOS, SMPDS, SBPTYPS, SHIPS,VARS, CYCLS,TITLES,OFPTION,LSIS , LSOS,
LSDS,LHALOS,LDEV,LPRN,LSHPPS ,LSKP15,LSMPOS,LSMPDS ,LSHPTYPS,
LSHIPS,LTITLES

CRARACTER#*160 AS

CHARACTER#80 FIS,SIS,S0S,5DS,TITLES

CHARACTER+20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPUS,SMPDS,SHPTYPS
CHARACTER SHIPS#8,VARS#*2,CYCLS*2

INTEGER+*=2 OPTION

DIMEESION P(2,10),PSEGS(8,9),CC(14),AY(900),AZ(800),
HFB(10,26) ,WTR(10,26) ,NDI(2) ,ENDI(2,2)

CHARACTER*6 SNAME{E)
CHARACTER®80 ATITL
CHARACTER STSP#30

DATA SNAME /*YFWD’, *ZFWD’ ,'YAFT’,*ZAFT’, *HLFBTR', 'VTALNE'/
DATA NDI,ENDI /241,420.0/

DO 30 K=1,NSTATN
NPTS = NSOFST(K)
DO 10 I=1,NPTS

HFBEI,K; = HLFBTH%I,K;

WTR(I,K) = WTRLANE(I,K

CONTINUE

IF (NPTS.EQ. 1 .AKD. STATN(K).GT.10.0) HFB(1,K) = - HFB(1,K)

NPT = 10 - NPTS

IF¥ (NPT .EQ. O) GO TO 30
D0 20 I=1,NPT

IPT = I + NPTS

HFB?IPT,K) = HFBENPTS,K)
WTR(IPT ,K) = WTR(NFTS,K)
CONTINUE

CONTINUE

DX = LPP/20

WRITE(STSP,1000) DX ,PUNITS(1),PUNITS(2)
FORMAT ('STATION SPACING =’ ,F6.2,1X,A4,A2)
WRITE(ATITL,1010) TITLE

FORMAT (20A4)

open file for hull offset piotting

FIS = SDS(1:LSDS)//’ .HPL!
OPEN (UNIT=HPLFIL,FILE=FIS,STATUS='UNKNOWN')

WRITE (HPLFIL,1C20) ATITL
FORMAT (ABO)
WRITE (HFLFIL,1030) STSP
FORMAT (A30)

NO
L

10

"

on




KOURT = 0
40 IK = .0UNT + 1
DO 100 K=IK,NSTATN
KOUNT = KOURT + 1
UPTS = NSOFST(K)
IF (NPTS .EQ: 1) GO TO 100

L=L+1
AYEL) = 0.
AZ(L) = WTR(NOS,K) - DRAFT

nn RO I1={ NOS
IF gsrArl(x) .GT. “0.0) HFB(J,K) = - BFB(J,K)
WTR(J,X) = WTR(J,F ~ DRAFT
ng,Jg : HFng,Kg
P(2.3) = WTR(J K
50 CONTINUE
§S = ¥OS - 1
CALL SPLNT2 (PSEGS,P,NJS,NDI,ESDI)
DO 70 J1,NS
g;LL CUBCo2 (PSEGS(1,1),CC)

DT = 1./(RT-1)
DO 60 I=1,NT

CC(3)8T2 + CC(B)*T + CC(T7)
CC{4)eT2 + CC(B)*T + CC(B)

[N

AY(Lg =

60 CONTINUE
70 CONTINUE

IF (STATN(K) .EQ. 10.0) GO TO 110
100 CONTINUE

WRITE 5HPLFIL.1040§ SKAME(3),SNAME(4)
WRITE (HPLFIL,1060) L
DO 210 I=1,L _ _
WRITE (HPLFIL,1080) AY(l),AZ(I)
210 CONTINUE
GO TO 120

110 WRITE (KPLFIL,1040) SNAME(1),SNAME(2)
1040 FORMAT (A6,4X,A8)
WRITE (KPLFIL,1060) L
1050 FORMAT (216)
DO 220 I=1,L ,
WRITE (HPLFIL,1060) AY(I),AZ(I)
1060 YORMAT (10F7.2)
220 CONTINUE
L=0
GO TO 130

120 WRITE gHPLFIL,1040) SNAME(5),SNAME(8)
WRITE (HPLFIL,L1050) NOS,NSTATN
DO 230 K=1,NSTATN
WRITE §HPLFIL,1060; éﬂFBgI,K),I=1,NOS§
WRITE (HPLFIL,1060) (WTR(I,K),I=1,NOS
230 CORTINUE
130 IF (KOUNT .LT. NSTATHN) GO TO 40

CLGSE {(UNIT=HPLFIL)

RETURK
END

C DECK SPLNT2
SUBROUTINE SPLNT2 ( SEGS, P, NP, NDI, ENDI )

SPLNT2 created from SPLNT ( NAVSEC-NOOO ) - A ¥ REED JULY 1978
fits cubic parametric spline segments through set of data points

INPUTS
o P = array of (X,Y) points

W W
++

L 2K 2
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-

1000

1100

1110
1120

[ SN S ) V]

P = number of points

NDI(1) = 1, 4if initial slope not specified at first point
NDI(1) = 2, 4f initial slope 18 specified at first point
RDI(2) = 1, if initial slope not specified at final point
NDI(2) s 2, if initial slope is specified at finel point
ERDI(1,1) = DX/DT at first point -- not required if NDI(1)=1
ENDI(2,1) = DY/DT at first point -- not required i? NDI(1)=1
ENDI(1,2) = DX/DT at firal point -~ not required if NDI(2)=1
ENDI(2,2) = DY/DT at final point -- not required if NDI(2)=1

RETURKS

SEGS = array of (NP-1) segments in endpoint/tangent form
X(1),Y(I),DX(I},bY(I),X(I+1),Y(I+1),DX(I+1),DY(I+1)

COMMO¥ /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAQFIL , RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

DIMENSION SEGS(S,NP).P(Z,NP;,NDI(2;,ENDI(2,2) .
DIMENSIOK DS(2,70),INDEX(70),R1(70),R2(70),R3(70),R4(70),
€5(70),T10(2),T21(2}

DATA T10 / 1.0, C.0 /,
T21 / 2.0, 1.0/

initialize segs array. determine deltas, chord lengths and
indices of non-2ero length segments.

= 1
= N
=N-1

(¥i .LE. 69) GO TO 100¢
N1 =

WRITE (IPRIN,999)

CP = 0.0

DO 1120 J = 1, N1
INDEX(J) = J
C=20.0

M
N
Ni
IF

B r- 2O
<

0.
DO 1100 I =1, 2
Pl = PEI,J)
P2 = P(I,J+1)

DS(I, 3.0+DELTA
Jg = P2

J) = DELTA
J) = DELTA

IF (C .LE. 0.000001) GO TO 1110
¢ = SQRT( C )

CS(M) = C

R1(M C
R3(M cp
INDEX(M4) = 3]
M=HMK11

CP = C
CONTINUE
CONTIRUE

R =M
M=3-1

SEGS

check for degenerate case (only Z points)
IF (N .GT. 2) GO TO 1300

degenerate case. 86t single segment tangent vectoys.
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1240
1300

1316

1330

1336
1340
99099

299

C DECK

- 8 P8 *

L B N

J = INDEX(1)

c = €s(1)

DO 1240 I = 1, 2

IF é IDI§1; .GT. 1) SEGSEI+2,J)
IF ( WDI(2) :GT. 1 ) SEGS(I+6,J)
CONTINUE

GO TO 99999

CONTINVE

ElDI(I,l%‘C
ENDI(I,2)sC

set end conditions of tri-diagonal matrix

solve matrix for tangent vectors

D0 1340 I = 1,

R4(1) = DS(I, 1)/cs(1)
IF ( ¥DI(1) .GT. 1

DO 1316 J = 2, M

R = CS(J-1)/¢S(1)
R2§J) £ 2.08(CS(J) + €S(J-13)

R4(J) = DS(I,J)+R + DS(I,I-1)/R
CONTINUE

R2(N) = T2

R4(N) = DS{(I ,M)/CS(M)

IF (NDI(2) .GT. 1) R4(N) = EKDI(I,2)
DO 1330 J = 1, ¥

R = RI(J+1)/R4(J;

R2(J+1) = R2§J+1 - R3€J)'R
Ra(J+1) = R4(J+1) - R4(J)=*R
CONTINUE

DN = R4(N)/R2(N)

DO 1336 L =1, M

J=N-1L

K = INDEX(J)

D) = (R4(J; = R3(J)*DN)/R2(J)

) R4(1) = ENDI(I,1)

SEGS§I+2,K = DJ*CS(J)
SEGS(1+8,K) = DN+CS(J)
DN = DJ
CONTINUE
CONTINUE
CONTINBUE
RETURN
FORMAT(’0 SPLNT2 -~ KP EXCEEDS 70. ONLY 69 SEGMENTS RETURNED.
END
SPLVAL
SUBROUTINE SPLVAL (X, KPTS, ELEMS, X0, Y0, S0, IELM)
SPLVAL created from SPLFIT
evaluates a resl non-parametric spline
INPUTS
X = array cf indepondent variables
NPTS = number of values in x-arrag
ELEMS = s8plins segments generated hy SPFIT
X0 = x-value at which spline is tu be evaluated
RETURNS
Y0 = F(X0) = y~value evaluated at x0
SO = second derivative evaluated at »0
IELM = index of spline segment containang x0

)




COMMOR /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFiL,ORGFIL,RAOFIL,RHSFlL.SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,PQTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL ,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

DIMENSIOR X(NPTS),ELEMS(4,KPTS)

¥ = RPTS
IF (XO0.GE.X(1) .AND. X0.LE.X(K)) GO TO 100
WRITE (IPRIN,999) XO
GO TO 99699
100 CORTIRUE
DO 200 I=2,K
IF (X0 .GT. X(I)) GO TO 200
GO TO 300
200 CONTINUE
300 CONTINUE
I=1-1
XX = X(I+1) - X(I)
X1 = X0 - X(I)
X(I+1) =~ X0
XX6 = XX « XX / 6.0
ELEHS§1,I§

[ S SR S N

>t
(8]
"

ELEMS(3,1
ELEMS(2,1
ELEMS(4,1)
(S1 » X2%#3 + S2 » X1#%3) / (6.0 = XX) +
2 ( (f1 - S1sXX6) * X2 + (Y2 - S2#XX6) » X1 ) / XX
§gL; (S% * X2 + S2 = X1) / XX

RETURN
99989 CONTINUE
STOP

w
-
oo

999 FORMAT ('C SPLVAL -- EXTRAPOLATION NOT ALLOWED. X0 =', E16.8)
END

C DECK SPPLV2
SUBROUTINE SPPLV2 (V, P, SEGS, NSEGS, PT, NIRT, TINT, IKNT)

SPPLV2 created from LNPLIZ and LNPLI
finds intersection between a curve defined by a parametric spline
and a plane defined by a point and a direction vector

* "

- INPUTS

. P(1 = X-COORDINATE OF POINT USED TO DEFINE THE PLANE
b P(2) = Y-COOKDINATE OF POINT USED TO DEFINE THE PLANE
. V(1 = X-COMPONENT OF VECTOR PERPENDICULAR TO THE PLANE
* V(2) = Y-COMPONENT OF VECTOR PERPENDICULAR TO THE PLANE
. SEGS = SPLINE SEGMENTS IN ENDPOINT-TANGENT FORM, FROM SPLNT2
. NSEGS = MUMBER OF SPLINE SEGMENTS

b RETURNS

* PTél) =  X-COORDINATE QF THE INTFRSECTION

. PT(2) = Y-COORDINATE OF THE INTERSECTION

. NINT = INDEX OF SEGMENT IN WHICH INTERSECTION LIES

. TINT = VALUE OF T PARAMETER AT INTERSECTICN

- INT = 1, 1IF INTERSECTION FOUND aND WITHIN TOLERANCE

. INT = 2, 1IF INTERSECTION NOT WITHIN TOLERANCE

. INT = 3, 1IF NO INTERSECTION FOUND

* INT = 4, 1IF SEGMENT LIES WITHIN THE PLANE

DIMENSION V{2),P(2),SEGS(8,NSEGS),PT(2),CC(14),U(2)

EQUIVALENCE (U1,U(1)), (U2,U(2)), (c€1,cC(1)), (cC2,CC(2))
1 (cc3,cc(3)), (CC4.CC(4)), (CCB.CE(5)), (CC6.CC(6)), (D,DPSS
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DATA TOLER, IKAX / 0.001, 10 /
IRT=1

. unitize plane direction vector
CALL VUFIT2 (U, S, V)

* determine the segment number n which contains the intersection
DO 140 ¥=1,KNSEGS
DPS=0.0
DPE=0.0
DO 1000 I = 1, 2
DPS = DPS + §SEGS€I.H) - P(1))»U(1)
DPE = DPE + (SEGS(I+4,N) - P(I))=U(I)
1000  CORTINUE
. check if segment lies within plane. if so, set int and raturn.
IF g ABS( DPS ) .GT. TOLER .OR.
1 ésg 4DPE ) .GT. TOLER ) GO T0 130

GO TO 99999
130 CONTINUE

* check it dot product changes sign within segment

NSEG=N
IF g DPS*DPE .LT. 0.0 g GO TO 200
IF DPS«DPE .EQ. 0.0 ) GO TO 145
140 CONTINUE

NSEG=NSEGS

N=1
145 CONTINUE

. check if intersection occurs at eithl.«x end of line
T=0.0
DD 1170 ) = 1, 5, 4
DIST = 0.0
DO 11601 = 1, 2
K= +J -1
PT(I) = SEGS(K,R)
DIST = DIST + (PT(I)-P(I)) « U(I)

1150 CONTIRUE
IF ( ABS(DIST) .LE. TOLER ) GO TO 1440
N = NSEG

T=1.0

1170 CONTINUE

* no intersection found. set int and return.
IRT=3

GO TO 990699
200 CONTINUE

* Tetch segment polynomial coafficients
CALL CUBCO2 (SEGS(1.,M), CC)

* determine scalar polynomial coefficients

CCisU1l + CC2eU2

CC3+U1 + CC4qeU2

CCb2U1 + CCaeU2

A3=A=2.0
B2=B*2.0

)X >
non

s iterate tor t at which the scalar polynomial becomes zero



ITER=0
-DPS/(DPS-DPE)
300 CONTIX
FT-((At*+B)nT+c;¢T+D
DT=FT/((A3*T+B2)*T+C)
T=T~-DT
IF ( ABS( DT ) .LE. 0.0000001 ) GO TO 400
ITER=ITER+1
1F E ITER .LE. IMAX ) GO TO 300

IF ABS( FT ) .GT. TOLER ) INT = 2

400 CONTINUE

* set intersection coordinates, n and t parameters
DO 1420 1 =
COORD = ((CC(I)*T + cc(1+2)).r + CC(I+4))*T + CC(I+
IF ( ABS( COORD - P(I) ) .LE. TOLER ) CCORD = P(I)

PT(I) = COORD

1420 CONTINUE

1440 CONTINUE
NINT=N
TINT=T

99999 CONTINUE

RETURN
END

C DECK T2DAMD
SUBROUTINE T2DAMD (X,PHI2D,T2D,T3D)

* calculates added mass and damping forces on a 2-d section given
* the potentials

COMMOR /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SIKMU,COSMU,WTSI,
2 IMMIN,IMMAY IMDEL, LMIN , LMAX

REAL SIGMIR SIGFAX v, SIHFU COSMU,WTSI(4)

INTEGER ISIGHA IHMIH IMMAX, IMCEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU,RMU,OMEGA,NOMEGA,SIGMA,RSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA ,NSIGWH,NTMOD,NRANG,NNMU(B)

REAL VK(8), MU237 ,8), OHEGA(SO) SIGHA(lO) SIGHH(é) TMODAL(8),
2 RANG(8),RLANG(8) S(30 8) FRNUH(S) VFS(8)

COMMON /GEOM/ X ,NSTATN,Y,Z ,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGN,NEBLA ,KPITCH,KROLL ,KYAW ,KYAWRL ,AWP,VCB,FBDX ,FBDY,
FBDZ,NFREBD,XPT,YPT,ZPT ,NPTS,LCB,GML,ASTAT,BSTAT, TITLE, MASS,
DISPLM,IPITCH,IROLL,IYAW , IYAWRL ,CHEAVE ,CPITCH,CHEAPI,CROLL,
AREAMX ,WSURF ,GIRTH,FBDZV ,DBLWL,TLCB

INTEGER NSTATN.NOFSET(255.NFREBD.HPTS

CHARACTER*4 TITLE(20)

REAL X(26),Y(10,25),2(10,25),FBD2V(8,10),LPP ,BEAM ,DBLNL, TLCB,
DRAFT,LCF, VCG GM DELGH NEBLA . KPITCH, KROLL KYAH KYAHRL AHP VCB,
FBDX(10) FBDY(iOS FBDZ(10),XFT(10),¥YPT(10), ZPT(lO) LCB, GML,
ASTAT(265 BSTAT(25) MASS, DISPLM, IPITLH IROLL IYAW,

IYAWRL, CHEAVE CPITCH, CHEAPI CROLL AREAHX HSURF GIRTH(25)

COMMDN /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS ,GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX 11

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK ,GRAV,RHD,GNU,RHOS,
1 RHOF,GNUS ,GNUF,FTMETR

COMMON /WGHTS/ WTDL,NORM
REAL WTDL(10,25),NORM(4,10,25)

COMPLEX PHI2D§10 10,4),CTEMP,T2D(10,10),T3D(10,10)
DIMENSION IDX IOS,JDX(IO)
DIMENSION T(26),ELEMS(4,25)

[SENTSFo

VBN

DATA 1DX/:,3,5,3,2,4,6,2,2,4/

Q]
w2
(S




C DECK

[N [SESINENESEN]

-

LS

RN =

DATA JDX/1,3,6,5,2,4,6,4,6,6/

ENODES=NOFSET(K)
IF(NNODES.LE. 0) RETURK

D0 3 I=1, ISTA

T(I)=0.0

CORTINUE

T(K)=1.0

CALL SPFIT () ,7LEMS,NSTATK)
CALL SPINTG (a\.),X(NSTATK),X
DO 10 ISIGMA=1 ,MSIGHA

DO 1 L=LMIN,LMAX

CTEMP = (0.,0

I1=IDX(L)
IN=1

IF gI .EQ. B) IN

IF (I .EQ.

J=JIDX(L)

Jp=J]

IF gJ .EQ. 53 JP=3
IF (J .EQ. 6) JP=2
XFCTR=1.0

IF (I .EQ. 5; XFCTR=—XFCTR*X§K)
IF (I .EQ. 6) XFCTR= XFCTR¢X(K)
IF (J .EQ. 5) XFCTR=~XFCTR‘X§K;
IF (J .EQ. XFCTR= XFCTR#*X(K

,NSTATN ,ELEMS,0.0,WTLI ,DUM)

[ )
~
-
-1
[ ]
D w

8)
DO 2 M=1,NNODES

CTEMP = GTEMP
CONTINUE

T2DgISIGHA.L)
T3D(ISIGMA,L)

WTDLn,¥)*NORM(IN,M,K)*PHI2D(ISIGMA,M,JP)

2.0+II*«RHO*SIGMA(ISIGMA)*XFCTR#CTEMP
T3D(ISIGNA,L) + WTLI*T2D(ISIGMA,L)

CONTINUE
CONTINUE

RETURN
END

T3DAMD
SUBROUTINE T3DAMD

COMMON /CHA3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU, COSHU,WTSI,
IMMIN, IMMAX IMDEL ,LMIN, LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,T.MIN, LMAX

COMMON /DATINP/ OPTH ,MOTN,BSCF1L,VLACPR,RAOPR, RLDHPR ,DISPLMT,
LRAOPR,ADRPR,ORGOPTN, GMNOH KG,STATN(25) ,NSOFST (25

NLEWF(2¢) HLFBTH(lO 25) HTRLNE(lO 25), BLEHF(2E) TLEHFE25)
AREALF(ZSS KPTLOC, PTWUHB(IO) PTNAHE XPTLOC(lO) YPTLOC(10)
ZPTLOC%IO% . NBB, FBNUHB(IO) FBNAHE XPTFBD(10) YPTFBD(lO)
ZPTFBD(10 FBCODE(iO) FBTYPE RDOT(10), VKDES ,FNDES,
STATNH,STATIS

CHARACTER=4 PTHAME(8,10) ,FBNAME(8,10),STATNN(6) ,FBTYPE(3,10)
INTEGER OPTN ,MOTN,BSCFIL,VLACPR,RACPR,ADRPR,RLDMPR,FBCODE,
iBzgﬂgéPTﬂUHB,ORGDPTN

E

COMMOK /ERVIOR/ VK,NVK, MU NMU,OMEGA,NOMEGA,STIGMA,NSIGMA,SIGWH,
NSIGWH,TMODAL,NTMOD,KRANG,RANG ,RLANG,S ,NNMU,FRNUM,VFS

INTEGER MVK, NMU,NOMEGA,NSIGMA ,NSIGWH,NTMOD,NRANG, NNHU(S)

REAL VK(8), HU§37 ,8), OHEGA(SO) SIGMA(10),SIGWH(4) ,TKODAL(8),
RANG(8),RLANG(8) 5(30 8). FRNUH(B) VFS(8

COMMON /GECM/ X ,NSTATN,Y,2 ,NOFSET,LPP,BEAM DRAFT,LCF,
VCG,GM,DELGM ,NEBLA ,KPITCH KROLL ,KTAW,KYAWRL ,AWP,VCB,FBDX ,FBDY,
FBDZ ,NFREBD,XPT,YPT,ZPT ,NPTS,LCB,GML, ASTAT,BSTAT,TITLE, MASS,
DISPL¥,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
AREAMX ,WSURF,GIRTH,FBDZV,DBLWL ,TLCB

INTEGER NSTATN,NOFSET(Zss,NFREBD.NPTS

CHARACTER*4 TITLE(20)

KREAL X(25),Y(10,26),2(10,25) ,FRDZV(8,10),LPP,BZAM,DBLWL, TLCB,
DRAFT,LCF,VCG,GM,DELGM,NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL ,AWP ,VCB,
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FBDX(10) ,FBDY(10),FBDZ(10),XPT(i),YPT(10),2PT(10),LCB,GKL,
ASTAT(255,BSTAT(25).HASS,DISPLH.IPITCH.IROLL.IYAH,
IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL, AREAMX,WSURF ,GIRTH(2S)

COMMON /IKDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX,LRMIDX,LSVIDX
REAL PFIDX(2355,RHIDX(183).SVIDX(S)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RACFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL, IPRIN,
SCRFIL,BPLFIL,LRAFIL,ORGFIL,RAOFIL,RNSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /PELEM/ PELEM
COMPLEX PELEM(4,1000)

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL, BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL, BKEEL

COMMON /STELEM/ STELEM
COMPLEX STELEM(4,9,250)

COMMON /TELEM/ TELEM
COMPLEX TELEM(4,9,10)

COMMON /WGHTS/ WTDL,NORM
REAL WTDL(10,25),HORM(4,10,25)

COMPLEX T3D(10,10),PHI2D(10,10,4)
EQUTVALENCE (PELEM{1,1),T3D(1,1)), (PELEM(1,26),PRI2D(1,1,1))
COMPIEX T2D(10,10)

READ (SCRFIL) WTDL,NORM
BACKRSPACE SCRFIL
IMMIN = 1

b

N N

IF (.NOT. VRT) IMMIN = 2
IMMAX = 4

IF (.NOT. LAT) IMMAX = 3
IMCEL = 2

IF (VRT .AND. LAT) IMDEL = 1
LMIN = 1

IF (.BOT. VRT) LMIN = 6§
LMAX = 10

IF (.ROT. LAT) LMAX = 4

DO 20 I=1,10

DO 10 J=1,10

T3D(1,]) = (0.0,0.0)
10 CONTINUE
20 CONTINUE

DD 30 K=1,NSTATN

NPT = NOFSET(K)

IF (NPT .LT. 2) GO TO 30

CALL RPHI2D gK.PHIZD)

CALL T2DAMD (K,PHI2D,T2D,T3D)

M = (K~1)*10

DO 25 L=LMIN,LMAX

M=H+1

CALL CPFIT (SIGMA,T2D(1,L),STELEM(1,1,M),NSIGMA)
25 CONTINUE
30 CONTINUE

DO 40 L=zLMIN,LMAX

CALL CPFIT (SIGMA,T3D(:,L),TELEM(1,1,L),HNSIGMA)
40 CONTINUE

RLWIND COFFIL

WRITE (COFFIL) TELEM

REWIND COFFIL ]

1F (RLDMPR .GT. O) CALL AMDPRN (SIGMA,NSIGMA)

RETURN
END
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C DECK TANAKA
SUBROUTINE TANAKA

+ calculates coefficient C (=EDDY(K)) and RADIUS (=RGB(K))
* for cnlculatin§ odd;-makin roll damging bg the method of
* TANAKK, J.Z0SEN KIOKAI, V. 109, 1961

COMMON /ERVIOR/ VK,NVK,MU,NMU,OMcGA, NOMEGA,SIGMA ,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG.RANG,RLANG,S,NNMU, FRNUN,VFS

INTEGER KVK,KMU,NOMEGA ,NSIGMA,NSIGWH NTMOD,KNRANG,NKMU(8)
REAL VK(8),HU§37,8),OHEGA(SO).SIGHA(lo) SIGWE(4) . TMODAL(8),
RANG(8) ,RLANG(8).S(30,8) ,FRNUN(8) ,VFS(8)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,

VCG, GM,DELGM,NEBLA ,KPITCH, KROLL ,KYAW, KYAWRL , AWP, VCB, FBDX , FRDY,
FEDZ ,NFREBD, XPT, YPT, ZPT,NPTS,LCB, GML . ASTAT, BSTAT, TITLE, MASS,
DISPLM,TFITCH,IROLL . IYAW,IYAWRL,CHEAVE,CPTTCH, CHEAPI, CROLL,
AREAMX ¥ T, GIRTH, FBDZV.DBLWL, TLCB

INTEGER v 'ATN ,NOFSET(25) NFREBD,NPTS

CHARACTERe4 TITLE(20)

REAL X(25),Y(10,26),2(10,25) ,FBDZV(8,10),LPP,BEAM ,DBLWL , TLCB,
DRAFT,LCF,VCG,GM,DELGM, NEBLA .KPITCH, KROLL , KYAW ,KYAWRL , AWP ,VCB
FBDX(10),FBDY{10} ,FBD2{10),XPT(10),YPT(10},2PT¢{10),LCB, GML,
ASTAT(25) ,BSTAT(26),MASS,DISPLM, IPITCH, IROLL, IYAW,

IYAWRL, CHEAVE,CPITCH,CREAPI,CROLL , AREAMX , WSURF, GIRTH(25)

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25),HQ,ESPAN , HMNCHD,
HAREA ,RXCP,HYCP ,HZCP,HGAMMA , HYRAT, HEAR | HLCS . RQ(2) .RSPAN(2),
RMNCHD (2) ,RAREA{2) , RXCP(2) ,RYCP(25,RZCP(2) , RGAMMA(2) ,RYHAT(2) ,
REAR§2).RLCS§2).SQ(2),SSPAN(2).SHNCHD(?),SAREA(2)
SYCP(2) SZCP(2) .SGAMMA(2), SYHAT(2) ,SEAR(2),SLCS (2}
BSPAN§25.BHNCHD(2).BAREA(2).BXCP(?S.BYCP(2).BZCP
BYHAT(2) ,BEAR(2),BLCS(2),FQ(2) ,FSPAE(2) ,FMNCED(2
FXCP(2),FYCP(2) ,FZCP(2) ,FGAMMA{2) ,FYHAT(2) ,FEAR(
2
(

N

BN N -

npON

SXCP(2),
BQ(2),

) BGAMMA(2),

FAREA§2§.
FLCS(2)

PYCP(2.2).

(
)
PQ(2,2) .PSPAN(2.2),PHNCED(2,2),PAREA(2,2) ,FXCP(2,
PZCP(2,2),PGAMMA(2.2) ,PYEAT(2,2) . PEAR(2,2),PLCS(2
STADMP{ 105 ,SHPDMP(10,8) ,ENCON .WPHI ,TPHI .WMELM(4,9
REELM(4,9,8) ,PEELM(4.9,8),FEELM(4,9 8§,HEELH(4,9, _BEELM(4,9,85,
ENWM,ENSF(8,8) ,ENRE(8) .ENPE(8) ,ENFE(8) .ENHE(8) .ENBE(8),
ENEHVEB.B),ENRLga),ENPL(B),ENFL28) ERHL(8),ENSL(8),ENBL(8),
ENSHP(8.8) |RELM(4,9),ITS(25),RD{255,EDDY(8.25),RGB(25)

REAL RDBLK({2692)
EQUIVALENCE (PSUR(1),RDBLK(2))

DO 20 IA=1,NRANG

DO 10 K=1,KNSTATN

EDDY(IA,K) = 0

RGB(K) = 0.

IF (NOFSET(K) .LT. 2) GO TO 10

BLOCAL = BMK(K)

TLOCAL = DK(K)

ORG = TLOCAL - VCG

IF (ITS(K) .EQ. 1) CALL SERD (K,RANG(IA),BLOCAL,TLOCAL,ORG,
2 EDDY(IA K),RGE(K))

IF (ITS{K) .EQ. 2) CALL SERAB (K,PANG(IA),BLOCAL,TLOCAL,ORG,
2 RD(K),EDDY(IA,K),RGB(K))

IF (ITS(K) .NE. 3) GO TO 10

ISINESISNEINEISINANTSINENEORSEN

* stations with skegs

ORG = TLOCAL -~ VC5

CALL SERE (BLUCAL,ORG,EDDY(IA,K),RGB(K))
10 CORTIKUE
20 CONTINUE

RETURN
END

C DECK TEPEAK
SUBROUTINE TEPEAK (NWEVN,WEVN,ERS,XTOE,TPI)

o
&3
o




*

10

C DEC

10

20

30

40

C DEC

10

20 CALL PSPLC (NOMEGA,CMEGA,LAOMGE(1,IH

this routine obtains the period of max energy of an encounter
spectrum

K

K

NN

2

V.G, MEYERS, DTNSRDC, 072877
DIHENSION UEVI(NHEVK) ERS(NWEVN)

PEAK =
XTOE = TPI/HEVN(I)
DO 10 .NWEVN

TE = TPI/HEVN(I)

IF ’EPaéIg GT.PEAK; XTOE
IF (ERS(I1).GT.PEAK) PEAK
CONTINUE

RETURN
E¥D

TFNFIT
SUBROUTINE TFNFIT (RLANG,FRANG,RLANS, MOTL,J¥,IV,CTFN)

DIMENSION RLANG(8)
COMPLEX M0T1L(3,30,8),CANS(8),CELH(4,8) ,CTFN,CDUM

IF (RLANS .GE. RLANG(1)) GO TO 10
CTFN = MOTL(JM,IW,1)

GO TO 40

IF (RLANS .LE. RLANG(NRANG)) GO TO 20
CTFN = MOTL(JM,IW,NRANG)

GO TO 40

DO 30 IA=1,NRANG

CANS(IA) = MOTL(JM,IVW,IA)

CONTINUE

CALL CPFIT (RLANG,CANS,CELM,NRAKG)
CALL CPLVAL (RLANG,NRANG,CELM,RLANS,CTFN,CDUM, IELM)
CCNTINUE

RETURN
END

TQE
SUBROUTINE TOE (KREC,AQMGE,RAO1,RAD2,JA,IT,R,B2,NPREDH.NLCH,N1,
N2,NBETA,DELBET ,NWEVN ,WEVN , IV, DATA)

DIMENSION KREC(13),AOMGE(30.13),RAG1(30,8,13),RA02(30,8,11),
R(30),B2(36) ,WEVN(100) ,DATA(4325  DUM1(30) .DUM2(30), ARLC1(100),
ARLC2(100),ARLC3(100),RLC(100,24)

COMMON /ENVIOR/ VK,NVK,MU,NMU,GMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
NSIGWH,TMODAL, NTHOD NRANG RANG RLANG S, NNHU FRNUH VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH . NTMOD,NRANG,KNNMU(8)

REAL VK(B),MU(37,8),0MEGA(30).SIGMA(10),SIGWH(4),TMODAL(8),
RANG (8) ,RLANG(8) .S(30,8) ,FRNUN(8),VFs(8)

"

TE
ERS(I)

COMMON /PHYSCO/ I1,TPI,PI PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,

RHO,GNU,RHOS,RHOF ,GNUS ,GNUF ,FTMETR,PUNITS ,REYSCL

COMPLEX 'II

CHARACTER+4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMTTR,METRVK ,GRAV, RKO,GNU,RHOS,
RHOF, GNUS GNLF FTHETR

INTEGER DELBET

DO 50 IH=1,NMU
HDNG (IH-1)«DELBET
= N1 + IH
12 = N2 - IH
IF %I? .LE. 0) I2 = 12 + NBFTA
IF (KREC(IH) .GT. 0) GO TO 20
DO 10 I=1,NWEV
RLC(I,I1) = 0.
GO TO 50
K(IV),HDNG,DEGRAD,GRAV,

,IH)
VKMETR,DUM1,DUM2,KA01(1,J4,IH),S(1,IT),R,NWEVN ,WEVN ,ARLC1, ARLC2,
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30
40

60

60

C DECK

# 2 8 BN AR EEN

ST S Y SRS NE N

PN R -

TN

LN

ARLC3,RLC(1,I1))

IF (KREC(IF} .EQ. 2) GO TO 40

DO 30 I=1,NWEVN

RLC(I,I2) = RLC(I,I1)

GO TO 60

Ki = JH - 1 -

CALL PSPLC (NOMEGA,OMEGA,AOMGE(1,IR) ,VK{IV),EDNG,DEGRAD,GRAV,
VKMETR,DUM1,DUM2,RA02(1,JA,KH),S(2,IT),R,NWEVK ,WEVN,ARLC1, ARLC2,
ARLC3,RLC(1,I2))

CONTINUE

L=20

DO 60 IPH=1 KPREDH

CALL PSPSC (NUEVH,HEVN,RLC,NBETA,B2,HLCB,IPH.ARLC1,ARLCQ,TOELC,
TOESC,TPI)

TOELC

TOESC
CONTINUE

RETURN
END

TRIM
SUBROUTINE TRINM

This subreoutine provides the correction of zero-speed freeboard
for the sinkage and trim induced by forward speeds. Reference-
RICHARD C. BI§HOP and NATHAN X. BALES, "A SYNTHESIS QOF BOW

WAVE PROFILE AND CHANGE OF LEVEL DATA FOR DESTROYER-TYPE HULLS
WITH APPLICATION TO COMPUTING MINIMUM REQUIRED FREEBOARDS,"
DTNSRDC REPORT 78-SPD-811-01, JAN. 1978. The formulae for
sinkage, 20, vere developed 1n units of feet. Conversion

to meters is provided. he formulae for trim, ang, were
develeped in units of degreec. Conversion to radians is mads.
ship speed 1s in knots. NBBz0 means a ship without a bov dome.

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RACPK,RLDMPR,DISPLMT,
LRAOPR,ADRPR ,ORGOPTN,GMNOM,KG,STATN(25) ,NSOFST(25),

NLEWF (25) HLFBTH(10,25),UTRLNE(10.25)‘BLEHF(25),TLEHF5253,
AREALF 255,NFTLOC.PTNUHB(10),PTNAHE,XPTLOC(IO),YPTLOC 10),
ZPTLOC(10) ,NBB FBNUMB(10) ,FBNAME, XPTFBD(10) ,YPTFBD(10),
ZPTFBD(10),FBCODE(10) ,FBTYPE ,RDOT(10) ,VKDES,FNDES,
STATNM,STATIS

CHARACTER«4 PTNAME(8,10) ,FBNAME(8,10),STATNM(5) ,FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
FBNUMB,PTNUMB,ORGOPIN

REAL KG

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
NSIGWH,TMODAL,NTMOD ,NKANG.RANG,RLANG,S, NNMU  FRNUM,VFS

INTEGER KVK,NMU,NOMEGA,NSIGMA,NSIGWH RTMOD,KRANG,NNMU(8)

REAL VK(8),MU(37,8),0MEGA(30).SIGMA(10),SIGWH(4) . THODAL(S),
RANG(8),RLANG(8).S(30,8) ,FRNUK(8),VFS(8)

COMMON /GEOM/ X ,NSTATN,Y,Z NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM,NEBLA ,KPITCH,KROLL KYAW,KYAWRL,AWP,VCB,FBDX,FBDY,
FBNZ, NFREBD, XPT,YPT, ZPT,NPTS ,LCB, GML, . ASTAT, BSTAT, TITLE, MASS .
DISPLM,IPITCH,IROLL.IYAW,IYAWRL .CHEAVE,CPITCH,CHEAPI, CROLL,
AREAMX ,WSURF ,GIRTH , FBDZV DBLWL, TLCB

INTEGER KSTATN,NOFSET(25),NFREBD,NPTS

REAL X(25),Y(10,26),2(10,25),FBDZV(8,10) ,LPP ,BEAM DBLWL,TLCB,
DRAFT,LCF,VCG,GM DELGM,NEBLA .KPITCH,KROLL KYAW,KYAWRL ,AWP,VCB,
FRDX (10),FBDY(10},FBDZ(10),XPT(1G),YPT(10),2PT(10) LCB, GML,
ASTAT(25) ,BSTAT(26) , TITLE(20).NASS ,DISPLM,IPITCH, IROLL. IYAW,
IYAWRL,CHEAVE,CPITCH,CHEAPI , CROLL,AREAMX , WSURE , GIRTH(25)

COMMON /PHYSCO/ I1I,TPI,PI,PICT,DEGRAD,RADDEG,VKMETR,METRVK,6GRAV,
RHO,GNU,RHOS ,RHOF , GNUS ,GNUF ,FTKETR ,PUNITS ,REYSCL

COMPLEX 11

CHARACTER#4 PUNITS(2)




REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR METRVK,GRAV RiC,GKU, RHOS,

1 RHOF,GNUS,GNUF,FTMETR

REAL LO
CHARACTER*4 METER

DATA METER /’'METE'/

CON = 1

IF (PUNITS(1) .EQ METER) CON = FTMETR
DO 1 I=1i,KVK

* speed 18 FROUDE scaled to LO ship

LO = 480.+CON

VO = SQRT(LO/LPP) = VK(I)
V2 = VO*VOQ

V3 = V2+V0

IF (NBB EQ. 0) GO 10 20
* ship with bow dome

20 = (.007848%V0 + .0C.321%V2) = CON
ANGO = (.0'5422#V0 - .0021752#V2 + 5,957E-£+V3) * DEGRALD

GO0 TO 30
20 CONTINUE
* ship without bow dome

20 = (~.006202+V0 + .0018552V2) = CON
ANGO = (.0092648+V0 -~ ,0015A32¢VZ + 4 .2912E-5+V3, » DEGRAD

30 CUNTINUE
* siukage FROUDE scaled f

* S‘nkage and tris voth
* freeboard correction =

ip to LPP ship.

)
GE + FBDX+TRIM

DO & J=1,NFREBD

SNK = 20 « LPP/LO

TRM = ANGO

FBDZ2Y(I,J) = FBDZ(J) - SNK + FBDX(J)*TRM
CONTIME

CONTINUE

RETURN
END

C DFECK TRNLAT
SUBROUTINE TRNLAT {(VCG,TL,EXCL,TLG,EXCLG)

COMPLEX TL(3,3),EXCL(3),TLG(3,3),EXCLG(3)

-

TLG(l,l) = TL(1,1)

TIG .2; = TL§1,2; + VCGeTL(1,1)
TLG(1,3) = TL(1,3

TLG(2,1) = TLG(1,2)

TLG§ ,2) = TL(2,2) + VCG#(TL(1,2) + TL(2,1) + VCG*TL(1,1))
1LG(2,3) = TL(2,3) + VCG=TL(1,3)
chE ,1) = TL(3,1)

TLG(3,2) = TL(3,2) + VCG+TL(3,1)
TLG(3,3) = TL(3,3)

EXCLG(4) = EXCLsi)

EXCLGE?) = EXCL’?) + VCG*EXCL(1)
EXCLG{3) = EXCL(3)

RETURY

END

C DECK TWODPT
SUBROUTINE TWODFT (KSTA,YSTA,ZSTA,NPT,PHI2D)

o
(V)
)
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This subroutine provides two-dimetsional velocity potentials for
osciliating cylinders of arbitrary <ross sac*jon in a free surface
four velovity potentials associated with t'.« individual med- s

of ozcillation, eurge, swey, haave, : d roll, are obtained which

are stored in PHI2D (frequency, offsat point, mode).

COMMOR /ENVIOR/ VK,RVK,MU,NNU,OMEGA, NOMEGA,SIGMA,NSIGMA,SIGWH,
NSIGWH,[MODAL,KTMQD,HRANG ,RANG,RLANG,S,NNMU FRNUM VFS

INTEGER NVK,KMU,NOMEGA ,NSIGHA,HSIGWH, NTMOD, NRANG, RRMU(8)

REAL vx(e),au§37,e),onss;(ao).sxan(io) SIGWH(4).TMODAL(8),
KANG(8),RLANG(8).5(30,8) ,FkNJM(8),VFS(8}

COMMOR /GECM/ X,NSTATH,Y,Z,NOFSET,LPP,BESM,DRAFT,LCF,
VCG,GM,DELGM,NEBLA,XPITCH,KROLL ,KYAW,KYAWRL , AWP,VCB, FEDX ,FBDY,
FRDZ NFREBD, XPT,YPT, ZPT, NPTS,LCB, GML | ASTAT, BSTAT, TITLE, MASS,
DISPLM,IFITCH,IROLL.TVAW,IYAWRL ,CHEAVE,CPITCH, CREAPI, CROLL,
AREAMX .WSURF,GIRTH,FBDZV DBLV., TLCB

INTEGE® NSTATK,NOFSET(25),NFREBD,NPTS

CHARACTZR*4 TITLE(20)

REAL X(z6),Y(10,25),2(10,25) ,FBDZV(8,10) ,LPP,BEAM DBl WL, TLCB,
DRAFT,LC},VCG,GM, DELGN , NEBLA \KFITCH,KROLL  XYAW , KYAWRL ,AWP, VCB,
FBDX(10) FRDY(10},FEDZ(10),XPT(10),YPT(10},.>T{10),LCE,GML,
ASTAT(25) ,BSTAT(26) ,MASS,DISPLM, IPITCH, TROLL, TYAW
TYAWRL,CHEAVE, CPITCH,CHEAPI, CROLL, AREAMX ,WSURF,GI (H(26)

COMNON /I0/ 3YSFIL,POTFIL,CCGFFIL,LCOFIL,ICARD, TEXFIL, iPRIN,
SCRFIL,RPLFIL,LRAFIL,ORGFIL, RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTUFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTF1L,COFFIL,LCOF1L,ICARD, TEXFIL, IPRIN,
SCRFIL,APLFIL,LRAFIL,ORGSFIL,RAOFIL , RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /PRHYSCOQ/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GNU,RHQS,RROF, GhUS ,GNUF ,FTHMETR ,PUNITS ,AEYSCL

COMPLFX 11T

CHARACTER4 PUNITS(2)}

REAL TPU,P{,PIOT,DEGRAD,RADDEC,VKMETR ,METRVK ,GRAV,RH(0,GNU,RHOS,
RHOF GNUS,GNUF,FTHETR

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL, BKEEL
LOGICAL LAT,VART,LOADS,ADDRES,SALT,H:EAD ,EXROLL, BKEEL

COMMOK /TWOD/ YY, 2Z, ENN, ISTA
T¢TEGER ISTA
PEAL YY{10,25),ZZ(10,25) ,ENN(4, 10,25}

COMPLEX aHS1(10), RHS52(19), RHS3(10), RNS4(10}, Q1(10), Q2(1c

" DIMENSION PGTLOG(2.10C,10), PTHLOG(2,1C

Q3(10), 04(10), GREENV(10,10,, GKREENL(19,10), CTV(10,1
CTL(10.10), UV{10,10), UL{10,10), SIGIK, FAC,
PRI2D(10,10,4)

10), TN(10), SN(10)
s(11), 1pv(10), 1PL{10)

2¢1A(10) _

(10, ,W1(10),W2(10)

DIMENSION YS(11), 2
LIMENSICE YSTA(10),
DIMZNSION SP(10),SQ
LOGICAL LIT

ISTA = KSTA

FACTOR = SCRT(GRAV+LPP)
¢QRLG = SQRT(LPP/GRAV)

DO 60 I=1,NSi%¥A

SIGMA(T) = SIGH2(L)%SQALG

CONTINVE
Do 70 J=1,NPT
ENN(4,J,ISTA) = ENN(4,],ISTA)/LPP
Y5(J) = YSTA(J)/LPP
25(J) = 2ZSTA(2)/LPP
YYEJ,ISTA; = YY%J,ISTA)/LPF
Z2(J),ISTA) = 22(J,ISTA)/LPP
CONTINUE
sQ{1) = 0.
DO 72 N=2 NPT
NM = N - 1
239




YIRT = Ysglg - YSEIH

ZINT = ZS(N) - ZS(NM
GIR = sonrévrnw~vlnr+zrlrtler)
SG(N) = SQ(EM) + GIR

72 CONTINUE
NON = NPT - t
YINT = ngx,ISTAg - YS(Ig
2INT = Z2(1,ISTA) - 25(4
GIR = SQRT(YINT*YINT+ZINT«ZINT)
SP(1) = GIR
DO 74 N=2,HON
KM =K - 1
YINT = Yvin IsrAg - YYENH ISTAg
ZINT = N,ISTA) - ZZ(NM,ISTA
GIR = sonrEYIuTcYINT+ZInT~ZIlT)
SP(N) = SP(NM) + GIR

74 CONTINUE
DO 76 N= 2 NON
KM = ¥
DE¥ = SP n) - sp(n )
Wi(K) = N))/DEN
W2(N) = - SP NM))/DEN
76 courxnuc
S g
1(1) = - 1
u2§1§ = ESQ§13 - SPglg)/DEN
NM = NON - 1
DEN = SP(NON) - SP(NM)
W1(NPT) = (SP(NON) - SQ(NPT))/DEN
W2(NPT SQ(NPT) - SP(NM))/DEX

* test for LID

LID = .TRUE.
IF (ABS(YS(NPT)) .LE. 1.0E-F) LID = .FALSE.
NARG = NPT
IF(.ROT.LID) KARG = NPT-1
NZRO = NPT + 1

s

» below two cards are to introduce cne more sagment on the free

» surface inside a cross section for removing irregular frequencies.
YS(NZRO) = 0.
ZS(NZRO) =

CALL GRNLOG( YS, ZS, NARG, POTLOG, PTNLOG, CN, SN)
DO 10 K=1,NSIGMA

SIGMA2Z = SIGHAEK)“2

SIGIM=II*SIGMA(K)

DO 1 TI=1,NON

RHS1(X) = -ENN(1,I,ISTA)*SIGIM

RHS2 Ig = -ENN(2,I,ISTA)*SIGIM

RHS3(I) = ~ENN(3,I,ISTA)*SIGIM

RHS4(I) = -ENN(4,I,ISTA)*SIGINM

1 CONTINUE

b the following four cards are to impose & rigid wall condition on
» the vaterline segment inside the section.

IF(.¥OT. LID) GO TO 26

RHSIENPTﬁ = (0.0, 0.0g

RHS2(KPT) = (0.0, 0.0

RHSB%NPT; = (0.0, 0.0)

RHS4(NPT) = (0.0, 0.0)

25 CONTINUE

CALL GRNFRQ{ YS, ZS, NARG, SIGMAZ2, POTLOG, PTNLOG, CN, SN,
. CTV, CTL, GREENV, GREENL)

* for the sigebraic eguation AX=B, CDCOMP makes an inversion of
dC

» the matrix A, an OLVE provides the solution vector X by
- X=(INVERTED A)B
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CALL CDCOMP( NARG,
IF (IPV(NARG)

10,

PHI2DS are to be inte
midpoint of the segmen
CI arrays are to be use

DO 160 N=2,HOX
NM =K -1

»

DO 32 K=1,NSIGMA
DG 30 I=1,NPT

DO 31 J=1,4
PHI2D(K,1,J))=-CONJG(PH
31 CONTINUE

Go TS G NS @3 N G Eh GE oE T G B R @ Sy a2 =W -

CTV, UV, IPV)

.EQ. 0)'G0 TO 17

CALL CSOLVEé NARG 10, UV, RHS1, Qi, IPV;
CALL CSOLVE IARG, 10, UV, RHSS, Q3, IPV
IF (.NOT. LAT) GO TO 20
CALL CDCOMP (NARG, 10, CTL, UL, IPL)
IF (IPL(NARG) .EQ. 0) GO TO 17
CALL CSOLVE §IARG 10, UL, RES2, Q2, IPL;
CALL CSOLVE (KARG, 10, UL. RHS4, Q4, IPL
20 CONTINUE
DO 2 I=1,NON
PHI?DgK,I,lg 220. R 0.;
PRI2D(X,I,3) =(0. , ©.
DO 2 J=1,NARG
FAC=GREEIV(I,J)‘FACTOR
PHIZDE 1) = PHI2D$K.I,1§+012Jg‘FAC
PHI2D(X,I,3) = PHI2D(K,I,3)+Q3(J)*FAC
2 CONTINUE

olated or extrapolated linearly from the
8 to the offgset points.
d for temporary stovage for PHI2DS

Q1(N; = Wi(N)sPHI2D(K, NM,1 W2(N)+PHI2D(K,N,1)
Q3(N) = W1(N)*PRI2D(X,NM,3) + W2(N)*PHI2D(K,K.3)
150 CONTINUE
KN = NON - 1
Q1 1) = W1 5 gtPHI2D§K,1,1§ + w2§1gapnxzogx.2,1>
Q3(1) = W1(1)*PHI2D(K,1,3) + W2(1)*PHIZD(K.2.3)
Q1 Np*g = uxguorgapnxzoéx,nn.zg + uzguprgtpﬂxzoﬁx.non,1)
Q3(NET) = W1(NPT)*PHI2D(X ,NM,3) + W2(NPT)+«PHI2D(K.NON,3)
DO 90 I=1,NPT
PRI2u(K,I,1) = Q1(X)
90 PHI2D(K,I,3) = Q3(I)
IF(.NOT. LAT) GO TO 10
DO S I=1,NON
PHI2D§K,I,2§ =§o. , 0)
PEI2D(K,I,4) =(0. , 0.)
DO 6 J=1,NARG
FAC=GREENL{I,J)sFACTR
anznéx,x,zg & pnrzogx,r 2§+02EJ§tFAC
5 PHI2D(K,I.4) = PHTI2D(K,I,4)+Q4(J)#FAC
DO 160 N=2,NON
NM = K ~ 1
ozE g = wiéngopnxzoéx,un,zg + uz'ngopxrzngx,n,zg
04 = W1(N)*PHI2D(K,NM.4) + wz?n «PHI2D(K,N,4
180 CONTINUE
NM = FON - 1
G2 1§ c u151gspﬂxzogx 1,2) + J2§1)*PHI°DEK .2, 2;
Q4(1) = W1{1)»PHI2D(K 1,4) + W2{1)*PHI2D(K,2,4
Q2(KPT) = W1(NPT)#PHI2D(K,NM,2) + v*znpr)tpﬂzzv(x ,NON,2)
Q4 (NPT) = Wi1(NPT)#PHI2D(K,NM,4) + W2(NPT)=PHI2D(K,NON,4)
DO ©7 I=1,NPT
PHI2D(K,I,2) = Q2(I)
97 PHI2D(K,I,4) = Q4(I)
10 CONTIRUE
GO TO 19
17 WRITE (IPKIN,18) K
18 FORMAT (//// 10X, ’TWODPT -- SINGULAR MATRIX AT K=', I3)
STOP
18 CONTINUE

patch to obtain correct potential

I12D(K,1,7))
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PEI2D(K,1,4)=LPP*PRI2D(K,T,4)
CONTINUE

CONTINUE

DO 756 I=1,NSIGM

SIGMA(I) = SIGHA(I)/SQRLG
COITIIUE

DO 80 J=1,NPT

ENN(4, J ISTA) = ENN(4,J ISTA)sLPP
YgJ,ISTA; = YYEJ.ISTA;‘LPP
Z2(J,ISTA) = ZZ(J,ISTA)sLPP
CORTINUE

RETURN
END

VELACC
SUBROUTINE VELACC (IM,IT,GRAV,NL,NU,OMEGAE,RAO1,PHS1,RAD2,PRS2,
NOMEGA ,NPLANE, IPHS)

This routine cbtains the velocity and acceleration raos and
phase angles for motions at the or1§1n and at a point.

2

¥.G.MEYERS, DTNSRDC, 10047

DIMENSION OMEGAE(MOMEGA) ,RAO1(NOMEGA) ,PES1(NOMEGAY,RAD2(NOMEGA),

PHS2 (NOhEGA)

GFAV2 = GRAVSGRAV

DO 20 I=NL,NU

OMEGEZ = GMEGAE(I)*OMEGAE(I)
OMEGE4 = OMEGE2¢0OMEGE2

DO 10 J=1,NPLANE

IF (IT.EQ.2 .AND. J.EQ.1) RAO1(I) = RAD1(I)*OMEGE2
IF (IT.EQ.2 .AND. J.EQ.2) RAO2 Ig = RADZSIz‘OHEGEQ
IF (IT.EQ.3 .ANC. J.EQ.1) RAD1(I) = RAQ1{I)OMEGE4
IF (IT.EQ.3 .AND. J.EQ.2) RAO2({I) = RAD(T) »OMEGE4
IF (IT.EQ.3 .AND. IM.LT.4 .ARD. J.EQ.1) RAO1(I) = nAo1§1)/casz
IF (IT.EQ.3 .AND. IM.LT.4 .AND. J.EQ. ?) RAO2(I) = RAD2(I)/GRAV2
IF (IPHS .EQ. 0) GO TO 10
IF (IT.EQ.2 .AND. J.EQ.1) PES1(I) = Pn51§1§ + 90.
IF (IT.EQ.2 .ARD. J.EN.2) PES2(I) = PHS2(I) + 90.
IF (IT.EQ.3 .AND. J.gq.1g PHS1 Ig = pus121§ + 180.
IF (IT.EQ.3 .AND. J.EQ.25 PHS2(I) = PHS2(I) + 180.
10 CONTINUE
20 CONTINUE
RETURN
ERD
C DECK V1SC
SUBROUTINE VISC
COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSHU,WTSI,
2 IMMIN,IMMAX, IMDEL,LMIN,LMAX
REAL SIGMIN.SIGMAX,V,SINMU,COSMU,WTSI(4)
INTEGER ISIGMA,IMMIN, IMMAX.IMDEL,LMIN,LMAY
COMMON /ERVIOR/ VK,NVK,MU,NMU,OMECA,NOMEGA,SIGHA,NSIGMA,SIGWH,
1 NSTGWH,TMUDAL,NTMOD,NRANG.RANG, RLANG,S ,RNMU, FRNUM , VFS
IN% ECER NVK, NHU NOHEGA NSIGHA NSIGUH NTHOD NRANG NNHU(B)
REAL VK(8), HU§J7 8) ,OMEGA(30).SIGMA(10) ,SIGWH(4)  THGDAL(8),
2 RANG(8),RLANG(B).5(30,8) ,FRNUN(8),VFS(8)}
COMMON /GEOM/ X ,NSTATN,Y.Z,KOFSET,LPP,BEAM,DRAFT,LCF
1 VCG,GM,DELGM,NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL , AWP,VCB ,FBDX ,FBDY,
> FBDZ,.NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML.ASTAT, BSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL.IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX.WSURF,GIRTH,FBDZV,DBLWL,TLCB
INTEGER NSTATN,NOFSET(26),NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(26),Y(10,.2°).,2(10,25),FEDZV(8,10),LPP ,BEAM,DBLWL, TLCB,
2 DRAFT,LCF,VCG,GM, VELGM,NEBLA .KPITCH,KROLL,KYAW,KYAWRL,AWP,VCE,
2 FBDX(10),FBDY(105 FED2{10),XPT(10),¥YPT(10},ZPT{10),LCB,GHL,
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ASTAT(26) ,BSTAT(26),MASS ,DISPLM, IPITCH, IROLL,IYAV,
IYAWRL,CREAVE,CPITCE,CREAPL,CROLL, AREAMX ,WSURF,GIRTH(25"

COMMON /PRYSCO/ 1I,TPI,PI,PI10T,DEGRAD,RADDEG,VKNETR,METRVK,GRAV,
RBO,GNU,RHOS,RBOF,GNUS , GNUF ,FTKETR ,PUNITS,REYSCL

COMPLEX IT -

CHARACTER*4 PUNITS(2)

REAL TPI ,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,
REOF,GNUS , GRUF ,FTMETR

COMMON /RLIBK/ PSUR(26),BMK(25),DK(26),CAK(25),EQ,HSPAN ,HMNCED,
BAREA,HXCP ,HYCP ,BZCP,BGAMMA , HYHAT ,BEAR.BLCS ,RQ(2) .RSPAN(2)
RMNCED(2) ,RAREAL2) ,RXCP(2) ,RYCP (2} ,RZCP(2), RGAMMAL2) ,RYEAT(2),
REAR§2§,RLCS(2;,SQ(2),SSPAR(2),SHICHD(2).SAREA(2) SXCP(2),
SYCP(2) |SZCP(2) .SGAMMA(2),SYRAT(2),SEAR(2),SLCS(25,BQ(2),
ssynn§2§,anucanlz),BAREA(z).axcp(zi,nvcp(25,Bch(z ,BGAMMA(2),
BYRAT(2) .BEAR(2),BLCS(2) ,FQ(2) ,FSPAN(2) ,FMNCHD(2) FAREA§2§.
FxCP(zg,Fvcp(z).rch(z),rcAnnatz).rYnAr(z),FsAn(z 29,
PQ(2,2) | PSPAN(2.2),PKNCHD(2,2),PAREA(2,2),PXCP(2 (2.2,
PZCP(2,2)  PGAMMA(2.2),PYRAT(2,2),PEAR(2,2) ,PLCS(

STADMP{103 ,SHPDMP(10,8) ,ENCON.WPAI, TPHI ,WMELM(4, 05, SEELM(4,9,8)
REELK(4,9,8),PEELM(4.9,8) ,FEEIM(4,9,8) ,AEELM(4,9,8}, BEELM(4, 9 85,
ENWM ERSF(8,8) ,ENRE(8) ,ENPE(8) ,ENFE(8) .ENHE(8) .ENBE(8),
ENEHV(B,B).ENRLge).ENPL(S).ENFL(B) ENHL(8) ,ENSL(®),ENBL(8),
ENSHP(8.8) RELM(4,9),1rS(25),RD(255,EDDY(8.25),RGB(25)

REAL RDBLK(2692)
EQUIVALENCE (PSUR(1),RDBLK(1))

DO 10 IA=1,NRANG

DO 10 IS=1,NSIGMA

SHPDMP(IS,IA) = O

CONTINUVE

DO 40 K=1,NSTATN

IF (WOFSET(K) .LT. 2) GO TO 40

CON = 4./(3.#P1)*REO+PSUR(K)*RGB(K)»*3

DO 30 IA=1,NRANG

DO 20 IS=1,NSIGMA

STADHMP(IS) = CON*SIGMA(IS)*RANG(IA)*EDDY(IA,K)
STADKP(IS) = SIGMA(IS)*STADMP(IS)

SHPDMP(IS,IA) = SHPDMP(1S,I4. + STADMP(IS)
CONTINUE

CONTINUE

CONTINUE

DO 50 TA=1,NRANG

CALL SPFIT (SIGMA,SHPDMP(1,IA),HEELM(1,1,IA),NSIGHA)
FNHE(IA) = ENCON'REVAL(HEELH(i.ISIGHA,IAS,UTSI)
CONTINUE

RETURN
END

VUNIT2
SUBROUTINE VUNIT2 (Vi, S1, V2)

VUNIT2 created from VUNIT ( NAVSEC-NO6b ) - A M REED JULY 1976
unitizes plane direction vector

DIMENSION V1(2), V2(2)

S = SQRT( Ve(1)eV2(1) + V2(2)eV2(2) )

éF és .LE. 0.000001¢(ABS(V2(1))+ABS(V2(2)))) GO TO 2000
i=

V1213=V2E1)/S

v1(2)=v2(2)/s

GC TO 99999

CONTINUE

$1=0.0

v1(1)=0.0

v1(2)=0.0

CONTINUE

RETURN
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END

C DECK WAVMAK
SUBROUTINE WAVMAK

COMMON /CH3D/ ISIGMA,SIGMIK,SIGMAX,V,SINMU,COSKU,WTSI,
IMMIK , IMMAX, IMDEL , LMIN ,LMAX

REAL SIGMIN,SICMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX, IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK ,NVK,MU,NMU,OMEGA,KOMEGA,SIGMA, RSIGMA,SIGWH,
1 NSIGWH,TMODAL,XTMOD,NRANG,RANG,RLAKG,S,KNMU, FRNUM,VFS

INTEGER RVK,NMU,NOMEGA,NSIGMA,NSIGVE,NTMOD,NRANG,KNMU(8)
REAL VK(8),MU(37,8),0MEGA(30).SIGMA(10),SIGWH(4),TMODAL(8),
RANG (8) ,RLAKEG(8).S(30,8) ,FRNUM(8) ,VFS(8}

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAN,DRAFT,LCF,
VCG,GM,DELGY NEBLA,KPITCH,KROLL ,KYAW,KYAWRL, AWP,VCB,FBDX,FBDY,
FRDZ ,NFREBL, °7,YPT,2PT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,6MASS,
DISPLM,IPITChH,IROLL,IYAW, IYAWRL ,CHEAVE,CPITCH,CEEAPI, CROLL,
AREAMX ,WSURF,GIRTH,FRDZV,DBLWL,TLCB

INTEGER NSTATN,NOFSET(25, NFREBD, NPTS

CHARACTER*4 TITLE(20)

REAL X(25),Y(10,25),2(10,25),FBDZV(8,10),LPP,BEAM,DBLWL,TLCB,
DRAFT,LCF,VCG,GH , DELGM, NEBLA ,KPITCH,KRGLL ,KYAW ,KYAWRL ,AWP ,VCRB,
FBDX(10) ,FBDY(10) ,FBDZ(10),XPT(10),YPT(10},ZPT(10),LCB,GML,
ASTAT(265,BSTAT(26) ,MASS,DISPLM, IPITCH, IROLL, IYAW,
IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX,LRMIDX,LSVIDX
REAL PFIDX(235),RMIDX(183),SVIDX(3)

COMMON /13/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,RPLFIL,LRAFIL ,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL ,LCOFIL,ICARD, TEXFIL,IPRI
SCRFIL,RPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMOK /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS, GNUF ,FTMETR ,PUNITS,REYSCL
COMPLEX II
CRARACTER#*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV, RHO,GNU,RHOS,
RHOF,GNUS, GNUF ,FTMETR

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25) ,HQ,HSPAN , HMNCHD,
HAREx,niCr ,HYCP ,BZCP,HGAMMA ,HYHAT HEAR.HLCS,RQ(2) .RSPAN(2),
RMNCHD(2) ,RAREA(2) ,RXCP(2) ,RYCP (25 ,RZCP (2) , RGAMMA(2) ,RYHAT(2),
REAR(2),RLCS(2),5Q(2),SSPAN(2),SMNCHD(2) ,SAREA(2),SXCP(2),
SYCP(2) SZCP(2).SCAMMA(2),SYHAT(2),SEAR(2),SLCS(2),BQ(2),
BspAn§2),BHNCHD(2),BAREA(2).BXCP(QS.BYCP(25.BZCP(:S,BGAMMA(z),
BYHAT(2) . BEAR(2),BLCS(2) ,FQ{2) ,FSPAR(2) ,FMNCHD(2) ,FAREA(2),
pxcp(zg.yvcp(z),pch(z>,FcAnnA(z),FYHAT(Q).FEAR(z
PQ(2,2) PSPAN(2.2) ,PMNCHD(2,2) ,PAREA(2,2) ,PXCP(2,
PZCP(2,2),PGAMMA(2.2) ,PYHAT(2,2) ,PEAR(2, 2}, PLCS(2
STADMP(105,SHPDMP (10,8) ,ENCON .WPHI,TPHI .WMELM(4,9
REELM(4,9,8),PEELM(4.9,8) ,FEELM(4,9,8) , HEELM(4,9,
ENWM,ENSF(8.,8) ,ENRE(8) ,ENPE(8) ,ENFE(8) . ENHE(8) |EN
ENEHV%B.B;.ENRLEB).ENPL(B),ENFL&B) ENAL(8),ENSL(8
ENSHP(8.8) .RELM(4,9),1TS(26),RD(25),EDDY(8,25) ,RG
REAL RDBLK(2682)

EQUIVALENCE (PSUR(1),RDBLK(1))

COMMON /SMPSYS/ FIS,AS,S1S,S05,SDS,HALOS,DEV,PRN,SMPPS,SKPIS,
SMPOS,SMPDS,SHPTYPS ,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
LSNS,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS ,LSHPTYPS,
LSHIPS,LTITLES

CHARACTER*160 AS

CHARACTER#80 FIS,SI1S,S0S,SDS,TITLES

CHARACTER#20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS ,SHPDS,SHPTYPS
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CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTIOK

COMMON /TELEM/ TELEM
COMPLEX TELEM(4,9,10)

COMPLEX T22,T24,T42,T44,T44G(10),CELM(4,9),CT44G,CDUN
REAL ITROLLG,I44G
DATA EPS /0.25/

FIS = SDS(1:LSDS)//'.COF’

OPER
READ

E

UNIT=COFFIL,FILE=FIS,FORM='UNFORMATTED',STATUS='UNKNOWN')
COFFIL) TELEM

CLOSE (UNIT=COFFIL)

» wavenaking (origin at VCG)
DO 10 IS=1,NSIGMA
Js = 18

J=1
IF éIS .EQ. NSIGHAg JS =15 -1
IF (IS .EQ. NSIGMA) J = 3
T44 = TELEMEJ,JS.G;
T22 = TELEM(J,JS,b
T24 = TELEM(J,J)s,8)
T42 = T24
* translate to VCG

10

T44G(IS) = T44 + VCG*(T24 + T42 + VCG»T22)
SHPDMP(IS,1) = AIMAG(T44G(IS))

CONTINUE

CALL CPFIT (SIGMA,T44G.CELM ,NSIGMA)

* find natural roll frequency

C44 = CROLL
IROLLG = MASS*(KROLL4BEAM)=s2
I144G= IROLLG

20
30

C DECK

L BE BN B

WPHI
TPHI

SQRT(C44/144G)
TPI/WPHI

IDOKE = 0

DO 20 I=1,10
IT =1
TS = TPHI

CALL CPLVAL (SIGMA,NSIGMA,CELM,WPHI,CT44G,CDUM,ISIGMA)
A44G = REAL(CT44G)/(-WPHI*#2)

144G= IROLLG + A44G

IF (IDONE .EQ. 1) GO TO 30

WPHI = SQRT(C44/1446G)

TPHI = TPI/WPHI

IF (ABS(TPHI-TS) .LT. EPS) IDONE = 1

CONTINUE

CONTINVE

CALL FINTSP (WPHI)

CALL SPFIT SSIGHA,SHPDHP,HHELH,NSIGHA)

ENCON = 1./(2.%C44)

ENWM = ENCON * REVAL(WMELM(1,ISIGMA),WTSI)

RETURN

END
WED

EFN
SUBROUTINE WEDEFH (NWEVN,WEVN)

This routine calculates the evenly-spaced encounter wave
frequencies over which the respcnse spectra are calculated.
The number of freguencios must be set equal to 100,

W.G.MEYERS, DTNSRDC, 072877

DIMENSIOK WEVN(NWEVN)



110

120

130

140

160

DWE = 0.01

DO 110 I=1,54

K=K+ 1

WEVH(K) = 0.06 + {I-1)«DWE
DVE = 0.02

20 120 111,21

HEVI(K\ WEVN(54)+I+DWE
DWE = 0.10

BO 130 111 ,10

HEVH(K) HEVN(7S)+I‘DUE
DVWE =

DO 140 I 1,10

K = 1

HEV!(K) HEVN(85)+I‘DUB
DWE = 0.

DO 1560 I=1.5

K = K+1

WEVN(K) = WEVN(95)+I=DVWE

RETURN
END

C DECK WTPELM
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SUBROUTINE WTPELM(ISTATN, PELEM)

rites out spline elementes for 2-d potential and forces
W. R. MCCREIGHT DTNSRDC JULY 1077

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,

NSIGWH,TMODAL ,NTMOD, NRANG, RANG ,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK, NHU NOMEGA NSIGHA NSIGHH NTHOD NRANG NNMU(8)
REAL VK(8), HU€37 ,8), OMEGA(30), "SIGMA(10) QIGUH(4) THODAL(B)
RANG(8) ,RLANG(8) S(30 8) ,FRNUN(8), vFs (8§

COMMON /GEOM/ X ,NSTATK,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,

VCG,GM,DELGM,NEBLA ,KPITCH,KROLL ,KYAW ,KYAWRL ,AWP,VCB,FBDX ,FBDY,

FBDZ ,NFREBD,XPT,YPT,2PT NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
DISPLM,IPITCH, IROLL,IYAVW,IYAWRL,CHEAVE,CPITCR,CHEAPT,CROLL,
AREAMX ,WSURF,GIRTH,FBDZV ,DBLWL,TLCB

INTEGER NSTATN,NOFSET(255,NFREBD,NPTS

CHARACTER*4¢ TITLE(20)

REAL X(26),Y(10,25),Z(10,26) ,FBDZV(8,10) ,LPP,BEAM,DBLWL,TLCB,
DRAFT,LCF, VCG GM,DELGM,NEBLA ,KPITCH, KROLL , KYAW, KYAURL AUP VCB
FBDX(10) FBDY(iOS FBD2(10), XPT(10),YPT(10},2PT(10), LCB, GNL
ASTAT(255 BSTAT(2S) MASS, DISPLM, IPITCH, IROLL IYAW,

IYAWRL, CHEAVE CPITCH,CHEAPI, CRDLL AREAMX, WSURF, GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX,LSVIDX
REAL PFIDX(2355,RHIDX(183),SVIDX(3)

COMMON 710/ <VS®¥It POTFIL,COFFIL,LCOFIL,.ICARD, TEXFIL,IPRIN,
SCRELL,HPLTIL, LRAZIL,ULGF il , havr oL, 8RS {0, SEVFIL, SPDFIL,
SPTFIL,LACFIL,LAEFIL )
INTEGER SYSFIL POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL, IPRIN,
SCRFIL ,HPLFIL, LAAFIL, ORGFIL RAOFIL RMSFIL,SEVFIL, SPDFIL
SPTFIL,LACFIL,LAEFIL

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL, BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL

DIMENSION DATA(320)
COMPLEX PELEM(4,9,40)

IF (NOFSET(ISTATN) .LE. 0) RETURN
IMMIN=1

IF (.NOT. VRT) IMMIN=2

IMEAX=4

IF (.NOT. LAT) IAMAX=3

IMDEL=2




4
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IF (VRT .AND. LAT) IMDEL=1
ISGMX=NSIGMA-1

DO 1 ISIGMA=1,ISGMX

NEXT=1

NNODE=NOFSET(ISTATN)

DO 2 J=1,NNODE

DO 3 IMODE=IMMIN,IMMAX,IMDEL

DO 4 1I=1,4

IDX=(IMODE-1)%10+)

DATA(NEXT)=REAL (PELEM(I,ISIGMA,IDX))
DATA(NEXT+1)=AIMAG(PELEM(I,ISIGHMA,IDX))
NEXT=NEXT+2

CONTIRUE

CONTINUE

CONTINUE

NDATP=NEXT-1
INDEX-(ISIGMA~1)*NSTATN+ISTATN

change for VAX-11 version.
CALL WRITMS(POTFIL,DATA,NDATP,INDEX)

WRITE (POTFIL,REC=INDEX) DATA
CORTINUE

RETURK
END

XMSSC
SUBROUTINE XMSSC (IPH,B2,MSLC,NLCH,RMSLC,RMSSC)

DIMENSION B2(NLCH)
REAL MSLC(24),MSSC

MSSC = 0.

LH = IPR - 1

DO 10 IH=1,KLCH
LH = LH + 1

IF (LH .GT. 24) LH = LH - 24
MSSC = MSSC + B2(IH)*=MSLC(LH)

CONTINUE

KR = IPH + &

IF (KH .GT. 24) KH = KH - 24
RMSLC = MSLC(KH)

RMSSC = MSSC

RETURN

END
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FOREWORD

This research was performed within the Training Research
Laboratory by the U.S. Army Research Institute Aviation Research
and Development Activity (ARIARDA), Fort Rucker, Alabama, and was
sponsored by the Standards in Training Commission (STRAC). The
research was conducted in response to two taskings: One from the
U.S. Army Aviation Center (USAAVNC) and one from the Department
of the Army. It was accomplished as an annex to the Memorandum
of Agreement between ARIARDA and the Directorate of Training and
Doctrine, dated 15 March 1984,

Over the past two decades, the Army has made a significant
investment in rotary-wing aviator training with the development
and acquisition of motion-based visual flight simulators. One
example of this type of simulator is the AH-64A Combat Mission
Simulator (CMS). With the high expense of aircraft operations
and the decreased availability of live munitions, AH-64A gunnery
training in the CMS has been viewed as a safe, cost-effective
alternative to aircraft training.

High-fidelity flight and weapons simulators have been
deployed to support aircrew training in operational aviation
units. However, little empirical data exist to document the
training effectiveness of the simulators. To support the Army
deployment of the CMS, a research approach was designed to
generate empirical data on the effectiveness of the AH-64A CMS
for sustaining gunnery skills. The research was designed to tesu
the effectiveness of simulator gunnery training in live-fire

gunnery exercises. This document reports the results of that
research.

This report will serve as a source of information about the
training effectiveness and capabilities of the AH-64A CMS.
Results were briefed to representatives of STRAC in December 1990
and USAAVNC in January 1991. Other briefings to operational
personnel were conducted from January through March 13991. The
information in this report was used to rewrite the Gunnery Manual
TC 1-140 and will be effective for developing simulator training
strategies for aerial gunnery.

s

EDGAR M. JOHNSON
Technical Director
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TRAINING EFFECTIVENESS OF THE AH-64A COMBAT MISSION SIMULATOR FOR
SUSTAINING GUNNERY SKILLS

EXECUTIVE SUMMARY

This report describes the methods and results of an experi-
ment designed to measure the effectiveness of the AH-64A Combat
Mission Simulator (CMS) for sustaining gunnery skills in Army
aviators. The research was conducted by the U.S. Army Research
Institute Aviation Research and Development Activity.

Requirement:

The Army has made a significant investment in the develop-
ment and acquisition of motion-based, visual flight and weapons
simulators for training rotary-wing aviators. Most of the simu-
lators have been deployed to operational units to help reduce the
training cost of sustaining flight and gunnery skills in profi-
cient aviators. However, the effectiveness of flight simulators
in augmenting unit gunnery training has not been demonstrated.
Empirical data are required to demonstrate that flight simulators
are effective in sustaining gunnery skills and to determine the
extent that simulator training can be used to conserve resources
such as aircraft flight time and live ammunition.

The research objectives of this experiment were (a) to
determine the effectiveness of the CMS for sustaining crew gun-
nery skills and (b) to provide information on the optimum combi-
nation of aircraft and CMS training for sustaining those skills.

Procedure:

An operational cavalry unit participated in a forward
transfer-of-training experiment designed to meet the research
ocbjectives. An initial evaluation of AH-64A crew gunnery per-
formance was conducted both during a live-fire exercise and
during a CMS test scenario. Subsequently, crews were assigned to
one of two groups. The simulator group crews continued normal
unit training and received scenario-based CMS gunnery training
but were restricted from live-fire training. The control group
crews received the normal unit training but were restricted from
CMS gunnery training. The training phase of the research, origi-
nally scheduled for a year, was shorted to 6 months to meet proj-
ect schedules and to minimize crew attrition. Crew gunnery per-
formance was measured again during a final live-fire exercise and
in the CMS.
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Findings:

Analysis of the initial and final performance tests in the
CMS showed that after five gunnery training sessions in the CMS
performance was consistently but not significantly improved in
the experimental group. However, the skill improvement did not
transfer to the live-fire range. The simulator group's
performance was not significantly better than the control group
crew's performance during the final live-fire exercise. 1In
addition, neither group showed any indication of gunnery skill
decay over the course of the experiment. Because the results did
not demonstrate the effectiveness of the CMS for sustaining
gunnery skills over 6 months, no conclusion can be drawn about
the optimum combination of CMS and aircraft training.

Utilization of Findings:

The costs of AH-64A gunnery training resources (e.g., flight
and range time, ammunition) have increased the Army's dependence
on flight simulators for training that was previously
accomplished in the aircraft. However, the Army has not had
empirical data about the training effectiveness of the CMS for
sustaining gqunnery skills to determine the optimal utilization of
the flight simulator. Although the data are limited by the
relatively short experimental period, two recommendations are
presented on the basis of the research. First, if aircraft hours
and other forms of gunnery training continue at the levels
observed in this research, CMS gunnery training may be required
only on a semiannual or quarterly basis. If the support for
aircraft hours and other gunnery training is reduced, gunnery
skills may decay in less than 6 months and additional CMS
training will be required to maintain gunnery skills. Second,
further research is required to investigate gunnery skill decay
in proficient aviators over a 12~ to 18-month period.
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TRAINING EFFECTIVENESS OF THE AH-64A COMBAT MISSION SIMULATOR
FOR SUSTAINING GUNNERY SKILLS

Introduction

During the past two decades, the U.S. Army has committed
hundreds of millions of dollars to the development and
acquisition of motion-based visual flight simulators to
augment helicopter pilot training. The simulator cockpits
are constructed from the same components used to build the
aircraft and consequently produce high-fidelity simulations
of the controls and displays in the aircraft. The hardware
environments are supported with powerful mainframe computer
systems capable of generating and displaying the results of
aircraft, aerodynamic, meteorological, geographic, tactical,
ard weapons modeling.

Flight simulators are a means of obtaining operational
readiness at an acceptable cost. Relatively inexpensive
simulator training is used as a cost-effective alternative to
more expensive aircraft training. In fact, the primary
justification for the Army’s Synthetic Flight Training System
(SFTS) has been the economy of simulator-for-aircraft
substitution (see Hopkins, 1979).

There are 2' least two other benefits of simulator-based
training. One is increased safety. A large number of
emergency procedures that are irnherently dangerous in the
aircraft can be practiced in the simulator (e.g., engine or
tail-rotor failures), Aviator proficiency in these
procedures translates into saved lives and equipment. Day-to-
day aircraft operations are not likely to provide the practice
in these maneuvers that simulators can,

The second major benefit of simulators is that scenarios
can be created that model the danger and complexity of the
moderrn battlefield. A realistic force-on-force training
scenario is difficult (or impossible) to accomplish in the
aircraft durirg peacetime. By necessity, training at Army
gunnery ranges arrays a maximum of firepower against only the
semblance of a threat and consists of regimented procedures
designed to maximize the safety of the participants and the
surrounding community. In contrast, Army tacticians foresee
the modern battlefield as dynamic and dangerous. With an
interactive threat, unlimited ammunition, and unrestricted
firing opportunities, flight simulators can potentially train
Army aviators to fight and survive in a realicstic wartime
environment.

4
4




The Army has acquired 39 high fidelity flight <imulators
to support aviator training for the AH-1 Cobra, UH-60 Black
Hawk, CH-47 Chinook, and AK-64 Apache aircraft. The
maiority, including 7 AH-1 Flight and Weapons Simulators
(AH1FWSs), 15 UH-60 Flight Simulators (UH60FSs), 5 CH-47
Flight Simulators (CH47FSs), and 5 AH-64A Combat Mission
Simulators (CMSs), have been delivered to operational
aviation units for unit training. The remainder, consisting
0of 2 AHIFWSs, 2 UH60FSs, 1 CH47FS, and 1 CMS, are used fcr
institutional training at the U.S. Army Aviation Center
(USAARVNC) .

With the acquisition of these resources, the Army has
committed simulators to accomplish two different types of

training: institutional and unit. Institutional training
refers to the initial flight and weapon systems training
given tce Army aviators. Unit training refers to the training

given to Army aviators after they have completed
irstitutional training and have been assigned to an
crerational unit. The primary goal of institutional training
is the acgquisition of individual skills. In contrast, the
primary goal of unit training is the acquisition of crew and
team skills and the sustainment of all skills (i.e.,
individval, crew, and team).

with the acquisition of the simulators, the Army
initiated research to address gquestions about the
effectiveness of the rctary wing simulators and about the
taske that can be trained in the simulators. Previous
reszarch had demonstrated the value of simulators for the
acguisition of basic flight and procedural skills ir fixed
wing aircraft (see Jacobs, Prinzc, Hays, & Salas, 1990, and
Va.verde, 1972, for reviews). However, the number of
experiments conducted on rotary wing simulators was small by
corparison (Holman, 1979; Bridgers, Bickley, & Maxwell, 1980,
Luckey, Bickley, Maxwell, & (irone, 1982). Unfortunately,
the experiments that demonstrated the effectiveness of
existing simulators had not also identified the
characteristics of the simulators that mediate the effective
transfer of skills (Orlansky & String, 1977). Without a
clear understanding of the mechanisms of successful skill
acquisition in fixed wing simulators, the Army could not
assume that the fixed wing results would generalize to rotary

wing simulators.

Another theoretical and practical question of concern o
the Army is whether skills that can be acquired in the
simulator can also be sustained in the simulator. Th
effectiveness of simulatcrs has not been as thoroughly
researched fcr skill sustainment as for skill acquisition.

In the study of skill sustainment, the prcficient aviator can




be assumed to have learned the environmental stimuli that
determine the appropriate actions and reactions in the
aircraft. However, once skills are refined in the aircraft,
the simulator may not provide the necessary stimuli to
maintain the skill. Thus, without specific knowledge about
the mechanisms of successful transfer-of-training, questions
of the effectiveness of a particular simulator for the
acquisition or sustainment of skills must be answered
empirically.

Background

The research described in this report was initiated as a
result of three administrative events, which are described in
che folliowing three sections.

Elight simulation plan audits. Almost all the rescurces
expended by the Army on the SFTS program have been for the
development and acquisition of the simulators. The rescurces
devoted to research on how to use the simulators effectively
have been small by comparison. Thus, the specific effects
that flight simulators are capable of accomplishing in Army
aviator training have not been empirically determined.

In two audits of the SFTS, first in 1981 and again in
1984, the Army Audit Agency (AAA) recognized the lack of
research documenting the effectiveness of simulators for
sustaining helicopter flight and gunnery skills. The AAA
reports (U.S. Army Audit Agency, 1982, 1985) stated that,
although flight simulators had reduced the training costs and
improved training at the USAAVNC, the Army had not determined
the effects that flight simulators have on unit training.
Specifically, both reports admonished the Army for the
operational tests conducted on the SFTS and concluded that
the Army had not adequately quantified the return on its
investment in flight simulators procured for unit training.

DA tasking. In 1986, the Department of the Army (DA)
tasked the Army Research Institute Aviation Research and
Pevelopment Activity (AKIARDA), through the Training and
Doctrine Command (TRADOC), to plan and initiate postfielding
training effectiveness analyses (TEAs) of each of the Army’s
flight simulator systems. The TEAs were intended to
investigate the utiliration and training effectiveness of
Army flight simulator systems in operational field units and
to provide a basis for developing effective unit training
st.rategies. 1In respons- to the tasking, ARIARDA develcped a
research plan comprising a series of related research
projects (U.S. Army Rer arch Institute Aviation Research and




Cevelopment Activity, 1986; Cross & Gainer, 1987). Each
project was designed to investigate the effectiveness of a
flight simulator system for training a set of specific tasks
(e.g., contact and emergency flight tasks, weapons tasks) in
an operational environment. Four of the projects have
subsequently been completed with the AH1*WS (Kaempf, Cross, &
Blackwell, 1989; Kaempf & Blackwell,1990; McAnulty & Kaempf,
1991) .

Gunnery manual revisions. Concurrent +ith the DA
tasking, the Department of Tactics and Simulation (DOTS;
formerly the Department of Gunnery and Flight Systems)
proposed revisions to the helicopter gunnery trainirg manual
(FM 1-140; Devartment of the Army, 1986). FM 1-140 defines
the training requirements and performance standards for the
Army's aerial gunnery training program. In respconse to
increasing pressure to reduce the requirements for training
ammunition, DOTS proposed significant changes to the crew
gunnery training requirements and standards for the AH-64A
aircraft in the coordinating draft of the revised helicopter
gunnery manual (TC 1-140; USAAVNC, 1988). For example, DOTS
proposed to conduct all AH-64A crew gunnery training and
qualification in the CMS. No ammunition was provided for
crew training and qualification; ammunition was provided only
for training attack helicopter teams and conducting combined
arms live-fire and joint air attack team (JAAT) exercises.
While considering the substitution of simulator gunnery
training for live~fire gunnery training, DOTS personnel
identified a need for information on the effectiveness of the
CM$ for gunnery training.

Twenty-two months later, DOTS released the approved
draft of the helicopter gunnery manual (TC 1-140; USAAVNC,
1990). In this version of TC 1-140, the proposal that all
AH-64A crew gunnery be conducted in the CMS was dropped and
the available training ammunition was redistributed among the
gunnery tables, this time with more for the crew tables and
less for the team tables. The document continued to predict
thac “reductions in service armmunition for training are
inevitable” and suggested t' .. unit commanders use the CMS
and AH-1 simulator to “hel; :xi1rcrews maintain their
proficiency between live-fire exercises and reduce the need
to use live ammunition for certain tasks” (p. B-1).

Operational unit commanders are faced with increasing
pressure to reduce training ammunition requirements and use
the most efficient and effective mix of simulator and




aircraft training. There is little empirical data to
demonstrate the effectiveness of f£light simulators in
augmenting unit gunnery training. Empirical data are
required to demonstrate that flight simulators can
effectively train gunnery skills and to determine the extent
that training conducted in simulators can be used to conserve
training resources such as aircraft flight time and live
ammunition.

This report describes research on the training
effectiveness of the AH-64A CMS for sustaining gunnery
skills. It is one of a group of projects planned by ARIARDA
in response to the DA tasking for TEAs on each of the Army’s
simulators. In addition, ARIARDA agreed to focus the initial
TEAs on the effectiveness of the CMS for training and
sustaining crew gunnery skills at the request of the Army
Standards in Training Commission (STRAC) and DOTS.
Therefore, the research was designed to meet two major
obijectives:

+ determine the effectiveness of the CMS for the

sustainment of crew gunnery skills, and

* provide data to establish an optimum combination of

aircraft and flight simulator training for the
sustainment of crew gunnery skills.

In addition to the objectives described above, STRAC and
DOTS requested an evaluation of the ammunition requirements
and gunnery standards for ARH-64A crew qualification published
in the revised helicopter gunnery manual. The research
addressing these issues is published in a separate report
(Hamilton, 1991).

RPesian Consideraticas

The value of any training experience depends upon how
effectively training transfers to the operational task. 1In
the case of flight simulators, the amount of aircraft
training that can be conserved as a function of simulator
training is a direct measure of the training effectiveness of
the simulator. The transfer of skills, facts, and attitudes
can be positive or negative. Positive transfer occurs when
learning simulator skills facilitates the acquisition of
aircraft skills. Negative transfer occurs when learning
simulator skills interferes with the acquisition of aircrafrc
skills.

The methods for quantifying +he transfer of training and
training effectiveness of aircraft simulators are well
developed and guantitative (Roscce & Williges, 1980; Roscoe,




1971), especially for skill acquisition. Basically, the
method uses a simple ratio to quantify the value of training
time in the simulator in terms of the aircraft time saved.

At a minimum, some measurable difference must exist between
the performance ¢of the experimental and control groups to
demonstrate training effectiveness. If the information
obtained from training research is sufficiently detailed, the
ratio can be calculated for incremental amounts of time in
the simulator to describe an entire function called the
incremental transfer effectiveness function. The function is
described as being negatively decelerated, meaning that the
effectiveness of any training experience decreases with
exposure to that experience. The hypothetical shape of the
function is demonstrated by the curve labeled “training
effectiveness” in Figure 1.

The design of research that demonstrates skill
sustainment is different from research that demonstrates
skill acquisition., The differences are illustrated by the
learning curve labeled “skill” in Figure 1, which
demonstrates how skills are typically acquired. 1Initially,
with no skill level present, trainirg is highly effective in
increasing skill levels. As skill is acquired, increasing
amounts of training produce less skill acquisition and, at
some point, becomes skill sustainment. Research to guantify
skill acqguisition assumes that both the experimental and
control groups are on the initial, accelerating part cf the
curve with low skill levels and that training effectiveness
can be demonstrated as soon as the simulator is effective in
transferring skills to the experimental group.
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Figure 1. Hypothetical relationships between the
acquisition of skill and training effectiveness.




In contrast, research to quantify skill sustainment
assumes that both the experimental and control groups are on
the asymptotic part of the curve. Training effectiveness is
difficult to demonstrate by transferring skills to the
experimental group when both groups already have high levels
of skill, simply because very little further learning can
occur. If skills are sufficiently well developed before the
initiation of the research, the only way to bring about the
difference in performance needed to demonstrate training
effectiveness is to allow the control group’s skills to
decay. If the simulator is effective in maintaining the
experimental group skills while the control group skills
decay, then training effectiveness is demonstrated. If the
simulator is not effective in sustaining the experimental
group skills, they will decay alcong with the control group.

Thus, the question of how long it takes for AH-64A
gunnery skills to decay is critical to the design of this
research proiject. Ruffner and Bickley (1983) and Ruffner,
Wick, and Bickley (1984) studied the decay of procedural and
psychomotor flight skills in active duty and reserve Army
aviators. Ruffner et al. stated that skill decay may have a
critical period between 6 and 12 months. Before this period,
little proficiency loss is expected,; after the period,
operationally important loss occurs, followed by a very long
period where additional loss is relatively small.
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The research described in this report was preceded by an
unsuccessful attempt to conduct a CMS TEA project. The
initial research design proposed that AH-64A crew gunnery
skills be measured during a pretest live-fire gunnery
exercise., Subsequently, each crew would be assigned to one
of three different training groups: a control group and two
experimental groups. All groups would receive the normal
program of instruction for the unit. One experimental group
would receive CMS gunnery training; the other group would
receive dry-fire gunnery training in the aircraft; and the
control group would be restricted from gunnery training in
either the CMS or in the aircraft. The gunnery training
would be controlled in each group for 1 year. At that time,
crew qunnery skills would again be evaluated during a
posttest live~fire exercise. The effectiveness of the CMS
would be evaluated by comparing the differential performance
of the three groups between the pretest and posttest
exercises.




The research was begun as described above when live-fire
performance data were collected on 15 crews. The Army unit
participating in the research was unable to assign other
crews to the project because of anticipated personnel
turnover. Consequently, live-fire data were collected 3
mcnths later for an additional 12 crews. By that time, 4 of
the original crews were unable to participate in the research
because at least one of the crewmembers was assigned to
another unit. At the initiation of the training phase of the
research, there were 9 crews in the control group, 8 crews in
the aircraft training group, and 6 crews in the simulator
training group.

Wwithin 1 month, cCcrew attrition was so high that the
research design was reevaluated. Several factors contributed
to the attrition of crews. A major storm damaged many of the
operational aircraft at the participating installation.
Because of the lack of aircraft, some aviators were

transferred to other units or types of aircraft. In
addition, some crewmembers were transferred to another unic
because of a high priority training mission. Finally, crew

attrition was exacerbated because the loss of either
crewmember constituted the loss of the entire crew. The
possibility of conducting the research over the course of an
entire year was eventually precluded by the attrition of
participating crews. Therefore, an alternative research plan
was developed and the current research effort was initiated.

Method
General Procedures

The revised research plan was divided into three phases
(see Figure 2). During Phase 1, an initial evaluation of
AH-64A crew gunnery performance was conducted during a live-
fire exercise and during a CMS test scenario. During the
live-fire exercise, the crew fired a set of crew gunnery
engagements developed by the participating unit and referred
to as Table VIII. During the CMS test, the crews fired
against targets designated in a mission scenario developed by
the researchers and the unit standardization instructor

pilots (SIPs). The primary measures of gunnery performance
collected during the live-fire exercises and the CMS test
scenario were target effect and engagement time. In

addition, the participating aviators completed a demographic
survey describing their skill and training at the initiation
cf the research.
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Figure 2. Flow chart of principal phases in the experimental
design.

In Phase 2, crews were assigned to one of two groups:
an experimental group that received scenario-based gunnery
training in the CMS and a control group that was restricted
from gunnery training in the CMS. The training phase of the
research was shortened to only 6 months to achieve project
schedules and to minimize c¢rew attrition. The frequency of
cther non-CMS gunnery training activities was also recorded
during this period.

In Phase 3, crew gunnery performance was measured during
a final live-fire exercise and in the CMS. The effectiveness
of the CMS was evaluated by measuring the differential
performance of the training groups between the pretest and
posttest in the CMS and during the live-fire exercises.




Apparatus

Two flight systems (the AH-64A aircraft and the AH-64A
CMS) and a scoring system were used during this research.
Each of these systems is described in the following sections.

AH-64A aircraft. The AH-64A (see Figure 3) is a twin
engine, four-bladed helicopter with a maximum gross weight of
17,650 pounds and an apprcximate height, width, and length
(excluding the rotor system) of 15 ft, 17 £ft, and 49 ft,
respectively. The two crewmembers, a pilot (PLT) and a
copilot/gunner (CPG), are secated in tandem with the PLT
behind and above the CPG. The AH-64A is a weapons platform
equipped with point target (Hellfire missile), area weapon
(30 mm chain gun), and aerial rocket (2.75-inch folding-fin
type) systems. The helicopter is equipped with a laser range
finder/designator (LRF/D), a pilot night vision system
(PNVS), ard a CPG target acquisition and designation system
(TADS) that allow the crew to operate the helicopter at night
and under adverse weather conditions. The AH-64A can acquire
and fire on targets in a large number of different operating
modes. Additionally, an on-board video recorder subsystem
(VRS) can record the imagery and symbology being displayed by
either the PNVS or TADS. The operation of the aircraft is
described in the Operator’s Manual for the AH-64A Helicopter
(Cepartment of the Army, 1984).




AH-04A CMS. Tha evaluation of the gunnery training
effectiveness of the AH-64A CMS was the primary focus of this
research. The AH-64A CMS is a flight and weapons simulator
designed for training aviators in the use of the AH-64A
Apache helicopter. The CMS consists of two flight simulator
compartments (PLT and CPG), each having a six-degree-of-
freedom motion base. Each compartment simulates the
helicopter environment using a multichannel digital image
generator, three pairs of loudspeakers, a subwoofer, and a
seat vibrator. The simulator is operated in an integrated
mode for crew training or in an independent model for
individual training. Additionally, each compartment has an
instructcr/operator (1/0) station and an observer station.
The operation and capabilities of the CMS are fully described
in the Operator’s Manual for the AH-64A (Apache) Combat
Mission Simulator (Department of the Army, 1988).

Area Weapons Scoring System. The Army has spensored the
development of a scoring system for attack helicopter live-
fire training and evaluation designated the Area Weapons
Scoring System (AWSS). The AWSS was used during the initial
and final live-fire exercises for objective scoring of AH-64A
gunnery performance. Although the Army plans to acquire a
number of the systems, the AWSS used in this research was the
proof-of-principle system installed on the Dalton-Henson
Multipurpose Range Complex at Fort Hood, Texas.

The AWSS consists of the Ballistic Scoring Subsystem
(BSS) for 30 mm projectiles, the Detonation Scoring Subsystem
(DSS) for rockets, and the Computer Scoring Subsystem (CSS)
for score calculation, display, and hard-copy production.
The BSS (see Figure 4) uses special purpose, Doppler radar
sensors to detect the rounds that penetrate a 15 m radius fan
in front of each target. The 30 mm rounds that penetrate the
Doppler fan are counted as hits; those outside the fan are
counted as misses. No information about the exact location
of the hits or misses is provided by the BSS, but AWSS
personnel could detect when the target was struck by a burst.

The DSS (see Figure S) is an acoustical system that
determines the geographic location cf rocket impacts. It
consists of 10 microphone sensors placed within 1000 m of the
target. During a rocket engagement, each sensor transmits
the acoustical signal that it receives to the CSS. Using the
known position of the sensors and the physics of sound
propagation, the CSS analyzes the signals from several
sensors to compute the impact point, Cross range miss
distance, and down range miss distance for each rocket. The
system reliably determines the location of rocket impacts up
to approximately 350 m from the target. Rockets failing
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beyond the range of 350 m are not det.cted or have a large
location errors.

The proof-of-principle AWSS had three notable
limitations associated with the DSS. First, at the
initiation of the project, the system was not reliably
scoring Multi-Purpose Submunition (MPSM) rocket engagements.
MPSM rockets were not used during the live-fire exercises.
C2cond, the system was not reliably scoring multiple rocket
engagements. Third, the acoustically based DSS was
susceptible to interference from any other loud events such
as the 30 mm gun firing. Because of these limitations, the
four rockets that made up each engagement were fired
individually with approximately 30 to 60 seconds between
launches, and no engagements were fired simultaneously.

[y : Y
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zas rms. Two types of data forms were developed anc
used to collect information from participating aviators: an
AH-€£4 CMS Gunnery Research Program Demographic Survey and a
Postflight Debriefing form. The AH-64 Demographic Survey
(see Appendix A) was designed to collect personal, training,
fiight, and gunnery range experience that was used to
characterize the experience of the aviators who participated
in the research. As noted in the general procedures, the
survey was completed by all aviators during the initial live-
fire exercises.

The Postflight Debriefing form (see Appendix B) was
designed to collect information about the specific gunnery
tasks performed during the training phase of the research.
Each aviator was instructed to complete the form after each
flight in the AH-64A aircraft, the CMS, or Cockpit, Weapons,
and Emerygency Procedures Trainer (CWEPT).

Live-fire crew gunnery table. The unit crew
gualification table used in the experiment was designed for
the Dalton-Henson Multipurpose Range Complex (see Table 1).
The table contains 2 calibration and 18 normal engagements
employing all three AH-64A weapon systems. It was used for
both day and night training. The engagements were fired from
seven firing points toward 13 targets (see Figure 6). The
distance from the firing points to the targets ranged from
975 m to 2575 m for the 30 mm gun, from 3450 m to 4500 m for
the rockets, and from 2100 m to 4620 m for the missiles. All
engagements were fired from a stationary hover with the
exception of the two 30 mm engagements that were fired from a
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Table 1

Initial and Final Live-Fire Gunnery Table

Firing Weapon Target Target
Poirnt System Number Distance Rounds

1a 30 mm 1-7A,B 975 20
Rockets R3 3700 4

1 30 mm 1-7A,8 975 20
Rockets R3 3700 4

Hellfire R4 3838 1

2 30 mm SA 10€6 20
Rockets R2 3457 4

Hellfire R2 3450 2

3 30 mm 1-SA,B 1700 20
Rockets R3 450C 4

Hellfire R2 4350 1

4 30 mm BA 1645 20
Rockets R2 4400 4

Hellfire R3 4€20 1

S 30 mm 8R 14006 20

6 30 mm 9B 1100 z0

7 Hellfire 43 2778 1
Bellfire 32 235¢ 1

Hellfire 31 2100 1

20 mm 34 2575 20

Note. The 20 mm engagements employed target practice (TP)

rounds and the rccket engagements employed target practice
point detocnating (TP/PD) warheads with Mark 66 motors; the
Hellfire engagements were simulated,

dcalibration

moving hever at firing points 5 and 6. The arrows in Figure
6 indicate the direction of movement of the targets and
aircraft, if any occurred.

CMS scenario. A single gunnery scenaric was develcped
to test and train crew gunnery performance in the simulator.
The I/0 situation and target handover sheet used to implement
the scenario are presented in Appendix C. The scenario
exercised all weapons systems (30 mm, rockets, and missiles),
target modes (moving and statiorary), and aircraft modes
(stationary and moving hover) at a variety of target rang:s.
The scenario contains engagements similar to those in
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FPigure 6. Configuration of the firing points and
targets at the Dalton-Henson Multipurpose Range
Complex, Fort Hood, Texas,

Table 1, but 30 mm target distances are greater than in Table
1 because engagements shorter than 2000 m are difficult to
create 1in the simulator. Additionally, the missile
engagement dist...ces in the simulator are longer than in
Table 1 because engagements longer than 5000 m are difficult
to create on the live-fire range.

The tactical scenario was conducted with a temperature
of 15° a visibility of 7600 m , a ceiling of 3000 ft, a wind
of 5 kt:s at 300° and a barometric pressure of 29.92 in. The
CMS threat lethality was set to 5 with hostility interrupt
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on. The visual mode (VM) and scene illumination (SI) were
changed to simulate day and night (Day: VM = 2, S8I = 5;
Night: VM = 1, SI = 11).

Personnel

The three types of personnel participating in this
research (AH-64A aviators, CMS 1/0s, and range scoring
‘personnel) are described in the following sections.

AH-64A aviators. Initially, 30 qualified and current
AH-64A crews (60 aviators) were selected to serve as subjects
for the study. All crews from three squadrons of an
operational cavalry brigade who were scheduled to remain in
the unit for at least 6 months were selected to participate.
Because Army policy restricts females from gunship
operations, all aviators were male. The experimenter, with
the assistance of brigade and squadron SIPs, formed two
matched groups on the basis of qualitative estimates of
aviator experience and skill., Fifteen crews were assigned to
the experimental (simulator) group and fifteen crews were
assigned to the control (no simulator) group.

Before U.S. troop deployment to the Persian Gulf, crew
attrition was minimal (3 crews) and unrelated to crew
performance (i.e., permanent change of station, medical
grounding) . An additional 9 crews were lost to operational
units ot the Central Command before the final performance
tests. Fortunately, crew loss was equal between the groups.
At the conclusion of the research, 18 crews participated in
the final live-fire exercises, 3 in each group. After
completing the day run, however, one crew in the control
group was unable to complete the night run or CMS test
because of an off-duty injury to one crewmember.

During the initial live-fire exercises, demographic and
flight experience information was obtained from the
participating aviators using the AH-64 CMS Gunnery Research
Program Demographic Survey '-¢e Appendix A)., The demographic
data obtained from the surv. ,; indicate a range of experience
that is typical of AH-64 cperaticnal units. Namely, the
units consist of aviators with two distinctly different
backgrounds: those with previocus career experience in other
helicopters (predominantly the AH-1) and those who proceeded
from initial entry rotary wing training to the AH-64 Aviator
Qualification Course (AQC). Analysis of the demographic data
for the aviators who completed the research indicate that the
training groups were similar when the research began (see
Table 2). The ditferences that were found between the




Table 2

Aviator Demographic Data at the Initial Live-Fire Exercise

Pilot Gunner
Measure Quantity Control Simulator Control Simulator
(n = 9) (n=9) (n =9) (n = 9)
Age (years) median 30 31 30 26
range (23-40) (25-47) (26-34) (22-40)
Months of ” 118 120 78 80
Active Duty (20-213) (37-267) (46-153) (18-216)
Months ” 27 30 18 6
Since AQC (3-34) (9-60) (5-30) (2-22)
AH-64A " 541 434 288 218
Flight Hours (229-622) (148-788) (149-638) (149-518)
Total ” 1230 1168 761 416
Flight Hours (386-4360) (313-5940) (382-2011) (314-1727)
Readiness mean 1.2 1.2 1.1 1.8
Level SD (0.44) (0.67) (0.33) (0.83)
Range ” 3.1 2.8 1.4 0.7
Experience (1.90) (1.79) (1.24) (1.41)

Note. AQC = AH-64A Aviator Qualification Course. Readiness
Level (RL) progresses from RL3 (new assignment to unit) to
RL1,

simulator and control groups are small, especially when
compared to the differences between the crew seat position.
However, the Ali-64A flight hours, readiness levels, and
previous Dalton-Henson range experience indicate that the
simulator group was somewhat less experienced than the
control group.

CMS ipstructors. The gunnery instruction and console
operation for crew testing and training in the CMS was
conducted by seven civilian Flight Simulator Facility AH-64A
CMS Instructor Pilots (IPs). All seven were retired Army IPs
and were highly experienced in the CMS operation and
instruction. The 1/0s were briefed on the purpose, design,
and procedures of the research project and participated in
designing the tactical CMS gunnery scenario.

Scoxing personnel. Target effect measures of gunnery

rerformance were obtained during the live-fire exercises by
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nine individuals: four AWSS operators, three squadron SIPs,
and two researchers. Two civilian contract personnel
operated the AWSS during the day exercises and another two
during the night exercises; on each shift, one scorer
operated the BSS and one operated the DSS. The missile
target effect performance was evaluated by each squadron’s
SIP. The researchers monitored the range activities,
collected the performance information frcm the BSS and DSS
operators, and entered the data into the project computer,
one during the day exercises and the other during the night
exercises. The researchers obtained engagement time measures
for the live-fire exercises and the CMS tests from the VRS
videotapes. They also obtained target effect measures for
the CMS tests from computer-generated printouts.

Detailed Procedures
Live-fire exercises. The initial and final live-fire

exercises were conducted at the Dalton-Henson Multipurpose
Range Complex at Fort Hood, Texas. The initial live-fire
exercises were conducted at two different times. Two
squadrons from the participating unit completed the initial
exercises over a 9-day period. The last squadron completed
the initial exercises over a 5-day pericd approximately 2
months later. All squadrons completed the final live-fire
exercises over a 15-day period 6 months after the first
initial live-fire exercise. During both the initial and the
final live-fire exercises, only one squadron occupied the
range at a time. The experimental protocol for the live-fire
exercises was similar for the initial and final exercises.

The gunnery exercises were controlled from the range
operating tower. Each squadron provided one range safety
officer and one communications (COM) officer. The range
operations office provided one civilian to operate the
automated range. All targets were raised and lowered under
the computer contrcl of the range operator in the tower.

Each squadron established a forward arming and refueling
point (FARP) within one mile of firing point 1. For the
entire period that the squadron occupied the range, unit
personnel manned the bivouac for rearming, refueling,
maintaining, and staging aircraft. Aircraft began and ended
each run at the FARP, Each crew contacted the tower COM
officer when they were ready to start a run. When the range
was c.ear of preceding aircraft, the aircraft were cleared by
the COM officer to move from the FARP to the first firing
point.
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Typically, a crew arrived on the range at firing point 1
and proceeded througih firing point 7 in sequential order. If
equipment malfunction or other problems occurred, the crews
were instructed to return to the FARP to obtain aircraft
maintenance or replacements. Subsequently, the crews
returned to the range to complete all engagements,
Performance of all the gunnery tasks in Table 1 and,
consequently, progress through all seven firing points was
referred to as a run. Each crew completed one run under day
conditions and one run under night conditions. During the
initial exercises, crews were allowed to complete multiple
runs to pass unit standards for gunnery performance.
Shortages of range time and ammunition during the final
exercises limited each crew to a single day and a single
night run.

All aircrews followed standard out-front boresight
procedures before firing the aircraft laser or weapons. Upon
arriving at each firing point, the COM officer acknowledged
the aircraft’s arrival at the firing position, cleared the
crew to arm the weapon systems, instructed the crew to
activate the VRS, and randomly selected one of the target
engagements defined for that firing point. For each
engagement, the COM officer performed the following
activities:

¢ requested that the range operator raise the target;

* requested that the aircraft establish the minimum safe
altitude of 50 ft above ground level (AGL); and

* delivered a standard target handover including
bearing, description, mode (stationary or moving), and
weapon.

After receiving the target handover, the crew performed the
following activities:

* established an altitude of 50 £t AGL,

acknowledged the target handover,
positioned switches for the engagement,
unmasked the aircraft,

acquired the target,

delivered the ordinance,

masked *he aircraft, and

* called “weapons clear” to the COM officer.

When the crew called weapons clear, the COM officer
instructed the crew to deactivate the VRS and to place the
weapon systems in the safe mode; he then cleared the crew to
proceed to the next firing position.

During the initial and final live-fire exercises, each
crew was allowed to choose the weapon mode used to engage
each target. However, the crews consistently used the same
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mode, which probably represented the consensus on the optimal
weapon system mode for each engagement. The 30 mm
engagements were conducted by the CPG using the TADS and
LRF/D. Rocket engagements were conducted in the cooperative
mode: The CPG tracked the target with the LRF/D and TADS and
the PLT maneuvered the aircraft to align the rocket symbology
and fire the weapon. Missile engagements were conducted
using the aircraft’s simulated Hellfire training missiles by
the CPG using the TADS and LRF/D in a normal lock-on-before-
launch mode with autonomous target designation.

AH-64A CMS test procedures. The CMS scenario was used
to test the gunnery performance of all crews after the
initial live-fire exercises and again after the final live-
fire exercises. The CMS was used in the integrated mode both
for testing and training gunnery performance. The CMS
gunnery performance test was conducted for beth day and night
conditions during a 1l.5-hour simulator period.

Each crew arrived at the simulator facility 30 to 40
minutes before the scheduled simulator session. When the
crew arrived, the 1/0 gave them a copy of the situation
sheet, a tactical map, a contour chart, and a communications
frequency list. The crews were then allowed to plan the
mission before the simulator sessicn began; they could obtain
assistance from the I1I/0, if necessary.

Each crew began the scenario in a holding area and flew
to the first firing position under the direction of the
scout, who was played by the I/0. From the first firing
position, the crew fired missiles, rockets, and 30 mm rounds
at different targets. The scout then directed the crew to
move to another firing position, where the crew engaged other
targets using the missiles and rockets. Subsequently, the
scout directed the crew to move to a grid point. When the
crew arrived at the grid point, the scout directed the crew
0 proceed cautiously in the direction of another grid point
to assist in locating a downed friendly aircraft. As the
aircraft traveled through the lowland route, the scout called
for the crew to suppress a target using the 30 mm gun. When
the aircraft arrived at the second grid point, the scout
instructed the crew to turn around and make another
reconnaissance pass over the lowland route and to engage the
target again using the 30 mm gun. After completing the
engagement, the srcout directed the crew to proceed to anotier
highland battle p.sition, where a final missile target was
engaged.

After the crews completed the scenario under day
conditions, they repeated it under nighc¢ conditions. When
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the test session was completed, the crew reviewed their
performance with the I/0 and returned the test materials.

The time required for each test session was approximately 2.5
hours.

The CMS VRS was used during the test to record all
engagements. During each test, the I/0 directed the crews
through the scenario by acting as the scout. He did not
provide any instruction or performance feedback to the crews
during the CMS test. As each target was engaged, the summary
of the ownship gunnery performance, generated by the CMS, was
printed by the researcher.

Experimental group training procedures. After the
initial live-fire exercise and CMS test, the squadron and
brigade SIPs were instructed to continue the normal unit
training of the simulator group aviators, with the following
three exceptions. First, the simulator group aviators were
restricted from participating in any live-fire gunnery
practice in the aircraft. Second, they were instructed to
complete the Postflight Debriefing form after each flight in
the aircraft, CMS, or CWEPT and to submit the completed forms
reriodically to the on-site researcher. Third, they were
reguired to attend five gunnery training sessions in the CMS
before the final live-fire exercise.

The experimental group’s gunnery training was conducted
exclusively in the CMS. The procedures for training crews in
the CMS were similar to those used in the CMS gunnery tests
with two exceptions. First, the VRS was not used during CMS
training. Second, the 1/0 aided and instructed the
crewmembers as necessary during the mission.

Control group training procedures. After the initial
live-fire exercise and CMS test, the squadron and brigade
SIPs were instructed to continue the normal unit training of
the control group aviators, with the tollowing two
exceptions. First, the control group aviators were
restricted from gunnery practice in the CMS, but they were
allowed to use the CMS for instrument and emergencies
procedures training. Second, they were instructed to
compliete the Postflight Debriefing form after each flight in
the aircraft, CMS, or CWEPT and to submit the completed forms
periodically to the on-site researcher. Except for the
initial and final gunnery tests, the researchers had no
direct contact with the control group aviators.
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Monditoring Pxqocedures

The use of the CMS was the only training activity under
the experimental control of this research. However, there
are several other training activities that could
significantly affect crew gunnery performance. Differential
use of other forms of gunnery training by the two groups
could confound the results of the research. Therefore,
participation in JAAT training exercises and the use of the
aircraft, the CWEPT, and the TADS Selected Task Trainer
(TSTT) were monitored over the course of the research to aid
in the interpretation of the results. Squadron operations
officers provided information about major gunnery training
activities (e.g., JAATs). The Army aviator flight records
(Form 759) were reviewed after the initial and final live-
fire exercises to measure the amount of AH-64A flight time.
Finally, the on-site researcher obtained the number of hours
that the participating aviators used the CWEPT and TSTT from
a computer data base maintained by personnel at the simulator
facility.

Measures of Effectiveness

Several measures of effectiveness (MOEs) were obtained
during the live-fire and CMS gunnery performance tests. When
more than one run was completed by a crew during the initial
live-fire exercise, the performance on the last run completed
was used. With the exception of engagement time, the MOEs
differed from one weapon system to another and from the live-
fire exercises to the CMS tests. Each of the measures and
their source are described in the following sections.

Engagement time. Engagement time was defined as the
time between when the crew acknowledged the target handover
and when they called weapons clear. The VRS was used during
the live-fire exercises and the CMS tests to record TADS
displays during each engagement. All engagement time
measures were obtained using hand-held stop watches and the
VRS videotapes after the exercises. The live-fire range and
CMS protocol were designed to utillize the l-hour videotapes
efficiently and to provide objective start and finish events
to aid in measuring engagement time.

30 mm target effect. For the live-fire exercises, 30 mm
target effect was defined as the number of rounds that passed
through the BSS Doppler fan and landed in the target effect
area (hits) divided by the total number of rounds fired from
the aircraft (shots). The number of hits was provided by the
BSS operator and the shots were obtained from the rounds
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counter on the VRS videotape of the engagements. Thus, the
hits/shots ratio is the percentage of rounds in the target
effect area or box.

Rocket target effect. For the live-fire exercises,
rocket target effect was defined for each 4-rocket engagement
as the mean distance from the target (miss distance). The
down-range miss distance and the cross-range miss distance
for each rocket impact was provided by the DSS operator. For
each rocket impact sensed by the DSS, the cross- and down-
range miss distances were used to compute the absolute miss
distance using the Pythagorean theorem. Because the DSS
demonstrated good sensitivity for rocket impacts out to
350 m, 211 rocket impacts that were not detected by the DSS
were assigned 500 m miss distances by the researcher.

Hellfire target effect. During the live-fire exercises,
the VRS videotapes were viewed immediately after each run by
the squadron SIP and evaluated using the brigade standard for
missile target kills. The information taken from the tapes
was used to evaluate proper mode selection, switch settings,
target acquisition, missile launch, and guidance. The
squadron SIPs recorded whether the target was killed on
brigade evaluation sheets.

CMS target effect. The ownship performance data sheets
generated by the CMS after each engagement were the source of
the target effect measures for 30 mm, rocket, and missile
performance in the simulator. For each weapon trigger pull,
the CMS calculated the mean miss distance for the rounds
fired. 1If any rounds from a trigger pull hit the target, the
mean miss distance was always zero. The mean distances for
each trigger pull were used to compute the mean miss distance
for each engagement by creating a rounds-weighted sum of miss
distance and then dividing by the total number of rounds
fired. 1In addition to miss distance, target impacts (kills)
were recorded for each engagement.

Results

The first major objective of this research was to
determine the effectiveness of the CMS for the sustainment of
crew gunnery skills. CMS effectiveness was determined by
analyzing the live-fire gunnery exercises, the CMS gunnery
test, and the other training activities.
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The effectiveness of the CMS was directly tested by
comparing the performance of the training groups during the
pretest and the posttest live-fire exercises. Because the
simulator could have differential effactiveness across weapon
systems, the training effectiveness of the CMS was analyzed
separately for each weapon. Further, the training
effectiveness of the CMS was analyzed separately for measures
of target effect and engagement time to determine if the
simulator had a differential effect on the two aspects cf
gunnery performance.

Two-factor repeated measures analysis of variance
(ANOVA) tests were conducted on each dependent measure.
Training (simulator vs. control) was analyzed as a between-
group variable. Trial (initial vs. final exercise) was
analyzed as a within-group, or repeated measures, variable.
In this ANOVA design, transfer of training is indicated by a
significant interaction between training and trial. Positive
transfer is indicated when the simulator group performs
better than the control group during the final exercise.
Ideally, the gunnery performance of both groups would be
equivalent at the initial live-fire exercise (matched groups)
and differ at the final live-fire exercise. A trial main
effect would indicate significant changes in the performance
across trials unrelated to training group. A training main
effect indicates a lack of equivalence hetween the groups
across trials.

The results from the six live-fire analyses (three
weapon systems by two measures) are presented in the
following paragraphs. All of these analyses were initially
conducted separately for day and night. 1In no case, however,
did the trends found for day or night differ from the
combined trends. To simplify the presentation of the
results, only the analyses of the data combined across day
and night are reported.

Finally, for each of the analyses presented below, the
gunnery performance measures are graphed. Each graph
displays the mean and one standard error of the mean (plus
and minus) for each training group during the initial and
final live-fire exercises. The standard error of the mean
quantifies the variability in the data and, when graphed,
provides a visual indication of the differences in the
individual scores and the significance of the differences
between the means. Means with standard error bars that
overlap are generally not significantly different from one
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another; means with nonoverlapping error bars usually differ
significantly.

Eagagenent time. The times for the 30 mm gun and
Hellfire missile engagements were similar and averaged 69 and
66 seconds, respectively (see Figures 7 and 8). In contrast,
the rocket engagement times were substantially longer,
averaging 159 seconds per engagement (see Figure 9). This
difference was the result of the requirement that each of the
four rockets in each engagement must be fired individually.
The standard errors of the mean are shown as vertical bars in
all the figures.

There were no significant interaction effects for any of
the engagement times, but there were differences in the
trends shown for the three weapon systems. The engagement
times for the 30 mm gun (see Figure 7) indicate that the
simulator group improvement was slower than the control grcup
improvement over the course of the experiment (i.e., negative
transfer). However, both the missile and rocket data
demonstrate a trend toward positive CMS transfer (see Figures
8 and 9).
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Figure 7. The wmean 30 mm engagement time % 1
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There were significant improvements in both groups
between the initial and final live-fire exercises (i.e.,
trial main effect) for the 30 mm gun (E (1, 15) = 13.53,

p <.05) and the Hellfire missile (E (1, 15) = 11.80, p <.05).
This 1S5-second improvement may be due to the practice
received during the initial live-fire exercise or some other
non~-CMS training that occurred between the initial and final
live-fire exercises. A similar improvement of 20 seconds in
the rocket data was not significant, however, probably
because of the large amount of variance within the groups
(see the standard error bars in Figure 9).

Overall, the engagement time data show no significant
effect on CMS training. The engagement data, however, do
demonstrate a consistent (=17%) improvement over the course
of the experiment.

Target effect. Averaged across firing points, the 30 mm
gun performance for alil groups was approximately 50% (see
Figure 10). Though there were strong range-to-target effects
in the 30 mm target effect data (see Hamilton, 1991), there
were no significant CMS training effects. The performance of
the simulator and control groups was almost identical during
the initial exercise, but the control group performed
slightly better than the experimental group during the final
live-fire exercise,.

The mean miss distance for rockets varied from
approximately 350 m to 250 m during the experiment (see
Figure 11). The mean miss distance for the control group was
significantly better than the simulator group during both
exercises (E (1, 15) =15.26, p <.05). However, the ANOVA
did not indicate a CMS training effect (i.e., trial by
training interaction). There was also a significant
improvement in mean miss distance of approximately 50 m from
the initial to the final live-fire exercises (EF (1, 15) =
6.66, p <.05). This effect can probably be attributed to
improvements in rocket pod alignment techniques implemented
between the initial and final exercises (see Hamilton, 1991).

Finally, the Hellfire performance was quite higa: The
crews always scored at least 9 of the 16 possible missile
kills. Missile kill performance was nearly identical at the
initial exercise, but the control group performance was
slightly better than the simulator group performance during
the final live-fire exercise (see Figure 12). However, there
were no significant differences in the Hellfire missile
performance.
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group.

Overall, the live-fire gunnery range results show little
evidence of CMS training effectiveness in the simulator group
or of skill decay in the control group. There were several
examples of initial-to-final performance improvements, but
the trends were not related to CMS training.

CMS Gunnery Performance Test

The analysis of the effect of simulator training on
gunnery performance in the CMS was conducted using the same
ANOV2 design used for the live-fire data. Examination of the
differential performance in the CMS is a test of training
effectiveness as opposed to simulator effectiveness. The
control group was expected to show some skill decay; the
simulator group was expected to show some skill enhancement.

As in the live-fire analyses, engagement time and target
effect measures (mean migs distance ancd number of target
kills) were analyzed separately for each weapon system. The
target effect measures generated by the CME are classified
and cannot be reported in detail. However, the overall
trends found during these analyses are sufficient to evaluate
the effect of the simulator training on simulator
pe-formance.




Overall, there were no significant effects at the p «<.05
level for nine ANOVAs (3 weapons by 3 measures), but the
gunnery performance trends in the simulator were more
consistent than those found in the live-~fire exerciges.
Gunnery performance of the simulator group improved for each
of the measures acrcss all weapons systems and, with one
exception, improved by a greater amount than the control
group. Moreover, some indication of skill decay was found in
the control group for both rocket target effect measures.

Othex Training Activities

Data were collected and analyzed for differential use by
the two training groups for four types of training: JAAT,
aircraft, CWEPT, and TSTT. The aviators were instructed to
complete a Postflight Debriefing form after every training
activity, but they were very inconsistent in complying with
this requirement. As a result, the information about non-CMS
training activities is drawn only from more reliable sources.

First, the unit involved in the research participated in
a JAAT training exercise at Fort Hood, Texas, 2 months before
the final live-fire exercises. Four of the control group
crews participated in the training, but no additional
information is available about the type or amount of training
they received. Second, the mean flight hours per crewmember
during the experimental pericod were larger in the control
group (M cus = 127, SE = 10.7) than the simulator group

(Mys = 101, SE = 8.0), but the differences were not

statistically significant. The greater number cf aircraft
flight hours in the control group may be partially attributed
to the JAAT exercise.

Third, CWEPT records indicated the participating crews
did not use the device very often and there was no
statistically significant difference between the average
number of hours each group used the device (M, cys = 1.31, SE =

.368; My = 1.25, SE =.829). Finally, a TSTT training device

was available to participating crews during the initial
stages of the research, but it was removed approximately 3
months before the final live-fire exercisese. Discussions
with personnel managing the device again indicated little or
no use of the device by the participating crews.




Discussion

The first major objective of this research was to
determine the c¢ffectiveness of the CMS for the sustainment of
crew gunnery skills. The eifectiveness of the CMS was
directly tested by measuriry ’he differential performance of
the training groups beiweer the initial and final live-fire
exercises. The results of these tests can be summarized in
three statements.

First, after five gunnery training sessions in the CMS,
the simulator crews did not have significantly better
engagement time or target effect performance when compared to
the control group. Second, the results of the initial and
final CMS gunnery performance tests showed consistent but
nonsignificant performance improvements in the simulator
group. Third, there were no significant differences in the
other training practices of the simulator and control group
aviators. Though these findings appear to indicate that the
CMS is ineffective in sustaining gunnery skills, a number of
factors should be considered before drawing final conclusions
from the research results,

Skill Decay

The best demonstration of training effectiveness for
skill sustainment is for the control group to show skill
decay while the simulator group maintains their skill level.
The results of this research show no sign of skill decay by
the control group. Indeed, the performance of the control
group improved in many instances over the course of the
research. As anticipated in the design considerations, a
meas-.arable loss of skill in the control group would be
required to demonstrate skill sustainment, and thus, CMS
training effectiveness,

The primary reason that skill decay was not observed in
the control group is probablyv _he short time span of the
research. The minimum leng': of time for aviator skill decay
has been shown to be at least 6 months (Ruffner & Bickley,
1983; Ruffner, Wick, & Bickley, 1984). However, appreciable
skill loss probably occurs sometime between 6 months and a
year for aviators not engaged in any form of gunnery
training. §Skill decay in the control group may also have
been minimized by factors such as participation of the
control group in ~“he JAAT training exercises, aircraft dry-
fire exercises, tl.e initial CMS test, or simple mental
rehearsal.,




Skill Enhancemernt

An alternative method of demonctrating training
effectiveness for skill sustainment is for the simulator
group to show skill enhancement while the control group
maintains their skill level. The research results
demonstrate that CMS training over a 6-month period was not
sufficient to make the simulator group’s skill measurably
better than the control group’s. This finding probably
indicates that the participating aviators were highly
proficient when the research began. Ironically, the high
level of gunnery proficiency may be the result of a
successful unit training program that included the fielding,
staffing, and effective use of CMS facilities in the unit.

Another explanation of the lack of skill enhancement may
be that the measures of effectiveness were not sufficiently
sensitive to detect increases in the aviator’s gunnery
proficiency. Sensitive measures are difficult to identify
because of the amount of variability introduced by random
variables such as different aircraft, aircraft maintenance,
and weather. Nonetheless, the results from other analyses
conducted to evaluate the AH-64A gunnery standards indicate
that the performance measures were sensitive tc several
factors other than aviator training, including changes in
range to target and differences in aircraft weapons
maintenance procedures (see Hamilton, 1991), As a result,
the lack cof skill enhancement is more likely attributable to
high initial skill levels than to insensitivity in the
ieasures of effectiveness.

Conclusions

The results of this research support three conclusions
related to the first objective of this research, to determine
the effectiveness of the CMS for sustaining crew gunnery
skills. First, this experiment found no significant positive
or negative transfer of training from the CMS to the live-
fire gunnery range. Thus, the training effectiveness of the
CMS to sustain crew gunnery skills remains equivocal.

Second, the gunnery proficiency of operational AH-64A
aviators is at or near an asymptotic level of performance.
For this reason, the CMS did not substantially improve
aviator performance during the 6-month period of this
experiment. However, there is no evidence that monthly CMS
training produces any negative transfer to the aircraft.
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Third, the restriction from CMS training was
insufficient to bring about skill decay in the control group
over the 6-month period of this research. Although previous
research indicated that skill decay could occur within 6
months, there was no evidence of skill loss in the control
group during the final live-fire exercises. Thus, current
levels of aircraft and other forms of gunnery training are
sufficient to maintain crew gunnery skills in proficient
aviators for up to 6 months without the aid of CMS training.

The second objective of this research was to provide
data to establish an optimum combination of aircraft and
flight simulator training for the sustainment of crew gunnery
skills. Because the research did not establish the benefits
of short term CMS training or the critical period for gunnery
skill decay, the obtained data are insufficient to determine
the optimal use of the CMS for gunnery training of
operational aviators.

Recommendations

Until additional empirical data can be obtained, the CMS
should remain an integral part of operational gunnery
training. The results indicate that if aircraft hours and
other gunnery training (e.g., JAATs) are funded at the levels
observed in this research, the critical period for gunnery
skill decay in proficient aviators is 6 months or longer.
Thus,; CMS gunnery training may be required only biannually.
Nevertheless, a more conservative quarterly CMS gunnery
training may be advisable, especially when the participating
aviators may have benefited from the initial live-fire and
CMS gunnery tests. However, if the support for aircraft
hours and other gunnery training exercises is reduced,
gunnery skills may decay in less than 6 months unless CMS
training is increased. 1In fact, there is no statistically
significant evidence of negative transfer when CMS gunnery
training is conducted on a monthly basis.

Research Limitations

As with any research, the application of the results of
this experiment is limited by the conditions under which they
were obtained. Although there are others, the four major
limitations brought about by the selection of sustainment
training, gunnery training, crew training, and the measures
of effectiveness are discussed in the following paragraphs.




First, the research was designed to measure the training
effectiveness of the-CMS for sustaining sgkills. As such, it
produced information pertinent to unit sustainment training
but not to the acquisition of skills. Thus, the five CMS
training sessions that did not produce positive transfer to
the aircraft for proficient aviators might significantly
improve the performance of unskilled aviatora. Second, the
research focused on gunnery skills; different results may be
obtained for other skills such as instrument flight and
emergency procedures.

Third, the research addressed only the crew level of
gunnery training. The Army has structured the gunnery
training of its aviators in a logical progression from the
acquisition of individual skills, through crew skills and
coordination, to team skills and coordination. The
effectiveness of the CMS may be different for the other
levels of gunnery training.

Fourth, the MOEs used in this research further limit the
generalizability of the results. Although speed and accuracy
are classic measures of gunnery skill, many other skills are
critical to the success of helicopter gunnery missions. One
example is the identification, selection, and use of terrain
to mask the helicopter from enemy threat. Because the
criterion for selecting firing points on the gunnery range
and for selecting battle positions during a gunnerv mission
differ significantly, appropriate terrain masking techniques
were not emphasized during this research project. However,
terrain masking is a tactical gunnery skill that the CMS may
be effective in training.

Future Regearch

The costs of AH-64A gunnery training resources (e.g.,
flight and range time, ammunition) have increased the Army’s
dependence on flight simulators for training that was
previously accomplished in the alircraft. Most Army aviators
are required to accomplish a portion of their annual flight
requirements in a flight simulator. Furthermore, the trend
toward substituting simulator training for aircraft training
is likely to continue as resources become more expensive and
simulator technology becomes more advanced.

The Army has not based the deployment or utilization of
flight simulators on empirical training effectiveness data
that relate to the acquisition or sustainment of gunnery
skills. 1In fact, individual unit commanders are responsible
for determining the mix of aircraft, simulators, and other




training devices that make up their trairing program. Even
when two or more units share the same simulator site, there
are differences in the ways that units use the flight
simulators. Decisions about the trade-off between aircraft
and simulator time should be based on empirical
demonstrations of the simulator’s effectiveness for training
specific tasks. Commanders could use this information to
develop training programs that achieve their training goals
and maximize the utilization and effectiveness of the
training resources available.

This research represents an initial step toward
empirically determining the effectiveness of the CMS for
satisfying the gunnery training requirements of operational
aviation units. The results of this research add
significantly to the knowledge base about the time course of
AH-64A gunnery skill decay and sustainment in operational
units, but many questions remain to be answered.

Thus, further investigations of gunnery skill decay in
proficient aviators should be conducted over a longer period
of time, such as 12 to 18 months. The research should be
designed to establish the relative effectiveness of each of
the alternative training devices currently available to
operational units for sustaining gunnery skills., If
sufficient control can be maintained during the proposed
research, the information necessary to design an efficient
training strategy could be determined.

Because good gunnery and tactical skills affect crew
survivability, research that requires the significant loss of
those skills may be unethical. 1In the design of future
research, control groups should be identified whose lives
would not be endangered by a discontinuation of gunnery
training (e.qg., aviators retiring from active duty, aviators
assigned to nonflying duties).

Finally, future research should be given adequate
fiscal, personnel, and operational support. The utility of
the current research was severely limited by crew attrition
and scheduling problems that must be resolved before
satisfactory data can be obtained to address questions about
sustaining AH-64 gunnery skills.
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APPENDIX A

AH-64 CMS GUNNERY RESEARCH PROGRAM
DEMOGRAPHIC SURVEY

6th CAVALRY BRIGADE--AIR COMBAT (CBAC)

PART A INSTRUCTIONS: Part A consists of questions that provide
information about your personal background and exparience. Answer each
item that applies to you by checking in the appropriate bracket [ V] or by
printing the required inforr" *ion in the space provided. When answering items
about flight hours, you may . afer to records, if avaiiable, or you may sstimate the
flight hours as closely as possible. Your responses will ba used for research
purposes only.

1.  Name:

Last First Middle

2.  Social Security Number: - -

3. Today's Date:

(Month) (Day) (Year)

4.  Whatis your age ?
Years

5.  What is your current rank?

[ ] WO1 [ ] 2LT
[ ] CwW2 [ ] 1T
[ ] CW3 [ ] CPT
[ ] Cw4 [ 1 MAJ
[ ] LTC
[ ] coL

6. To which unit are you assigned?
Unit: Squadren Troop

7. How long have you been assigned to your present trocp?
years and _____ months




11.

12.

13.

14.

Do you anticipate reassignment prior to October 19907?
{ ] Yes
[ 1 No

if yes, give expected date and location of reassignment

Currently, what is your primary duty position in the unit?

What additional duties do you perform in your unit?

How iong have you been on aclive duty military service?
years and __________ months of active service

How long has it been since you graduated from initial Army flight
training?

—————Yyearsand ________ months

How long has it been since you graduated from the AH-64 AQC?
——_yearsand _______ months

Waere you an IERW turnaround student in the AH-64 AQC?
[ ] Yes
[ ] No

If no, what was your primary aircraft before entering the AH-64 AQC?




1§.

16.

17.

18.

19.

Indicate the total number of flight hours you have logged in each of the
following aircraft. Also, check [ V] the highest duty category you have
held in each aircraft.

a. Military Rotary Wing

P PC UT P Si IE
AH64: _______ _hours [ ] [} L) L) [ []
AH-1: ____ _hours [ ] [) T ) C)1 (1 (]
OH-58: _____ _hours [ }J [ ] [ ) ] C1 (]
UH-1: _____ hours [ ] [ ] () O) 01 [
Oher: _____ hours [ ] [ ] [ ) 0T 1 [] []
(Specify other aircratt)
b. Military Fixed Wing
UH-21: ___ _hours [ ] [ ] () ()1 01 [
Ct12: _____ hours [ ] [ ) [ ) 0T ) 0] O]
Ov-1: ___ hours [ ] [} L) 0 O []
Oher: ______ _hours [ ] [ ] []) () [1 []
(Specify other aircraft)

How many flight hours have you logged in each seat of the AH-647
FrontSeat: ____________hours
Back Seat: hours

How many flight hours have you logged in each seat of the AH-64 CMS?
FrontSeat:____________ hours
BackSeat:_________ hours

How many flight hours have you logged in each seat of the AH-64
CWEPT?

Front Seat: hours
BackSeat:___________ hours

How many pnight flight hours have you logged in each seat of the AH-64?
FrontSeat; __________ hours
Back Seat:___________ hours




20.

21.

22.

23.

24.

25.

26.

If you were an AH-1 pilot previously, how long has it been since you
completed the AH-1 Crew Gunnery Tables?

years and _________ months

After arriving at your present unit, what was your original crew station
designation?

[ ] AH-64 front seat
[ ] AH-64 back seat
[ ] Other (explain)

How many training hours were required for you to attain RL2 and RL1
status in your originally designated seat? (Check here [ ] it you did
rot attain RL2 or RL1 in your originally designated seat.)

flight hours to RL2 from RL3
CMS hours to RL2 from RL3
flight hours to RL1 from RL2
CMS hours to RL1 from RL2

What is your current crew station designation?
[ ] AH-64 front seat
{ ] AH-64 back seat
[ ] Bothseats (explain)

What is your current Readiness Level?

RL Front RL Back

[ ] RL1inthe front seat [ ] RL1inthe back seat
[ ] RL2inthe front seat [ ] RL2inthe back seat
[ ] RL3inthe front seat [ ] RL3inthe back seat

Excluding IP evaluations, how many crewmembers have you flown with
since entering the 6th CBAC?

crewmembers

Have you been assigned to a fixed crewmate?
[ ] Yes
[ ] No




27.

28.

29.

If you are a member of a fixed crew, how many hours has your crew
trained together?

flight hours
CMS hours

How many of your fiights, if any, have been delayed or rescheduled due
io the unavailability of an appropriately trained (i.e., current in the
required seat) crewmate?

flights have been delayed or rescheduled

How many times have you paricipated in gunnery exercises at the
Dalton/Henson range complex?

times flying the AH-64A
times flying other aircraft
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éth CAVALRY BRIGADE--AIR COMBAT (CBAC)

PART B INSTRUCTIONS: Part B consists of questions that provide
information about your experience wxith the AH-64 optical systems. The
questions ask for both objective and subjective information. Ansv-or each item
that applies to you by checking in the appropriate bracket [ V] or by printing
your answer in the space provided. This information will be treated as highly
confidential; individual responses will not be seen by anyone except the
research staff.

30.

31.

32.

33.

In the back seat, how often do you optimize your PNVS FLIR?

[ ] Only during preflight checks

{ ] Rarely during flight
[ ] Occasionally during flight
[ 1 Frequently during flight

In the front seat, how often do you optimize your TADS FLIR?
[ 1 Only during preflight checks

[ 1 Rarely during flight

[ ] Occasionally during flight

{ ] Frequently during flight

In the back seat, to what extent dnes the flight symbology interfere with
your ability to see terrain features during NOE flight?

[ ] Notatal

[ ] Slightly

{ ] Moderately
[ ] Agreatdeal

in the front seat, to what extant does the TADS weapons symbology
interfere with your ability to see targets?

{ ] Notatall

[ ] Slightly

[ ] Moderately
[ ] A greatdeal
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34.

35.

36.

37.

38.

39.

How difficult is it to read the numbers on the heimet-mounted display?
] Not at all difficult

Slightly difficult

Moderately difficult

Very difficult

Extremely difficult

md Gwnf Geend St

How much practice is required to handover targets proficiently between
crewmembers using the flight and weapons symbologies?

[ ] Only initial practice
[ ] Occasional practice
[ 1 Frequent practice
[ ] Constant practice

in your opinion, how likely are there to be misinterpretations of the
differant symktologias on the PNVS and TADS as a result of changing
crew stations?

[ ] Not at all likely
[ ] Slightly likely

{ ] Moderately likely
| ] Very likely

[ ] Extremely likely

List the three flight symbols that interfere most with the IR imagery.

List the three weapons symbols that interfere most with the IR imagery.

In the front seat, what percentage of your time during traveling flight do
you spend monitoring the PNVS?

—___percent monitoring the PNVS




40.

41.

42.

43.

44,

45.

In the back seat, what percentage of your time during traveling flight do
you spend monitoring the TADS?

percent monitoring the TADS

In the back seat, what percentage of your time during target
engagements do you spend monitoring the TADS?

percent monitoring the TADS

At the end of the AQC, how proficient were you in using the PNVS to fly
the AH-647

Minimally proficient
Marginaliy proficient
Moderately proficient
Highly proficient
Extremely proficient

—— Py g ey g—
——t mad bl bt bemd

At the end of the AQC, how proficient were you in operating the TADS?
] Minimally proficient

Marginally proficient

Moderately proficient

Highly proficient

Extremely proficient

[
l
[
l
[

Currently, how proficient are you in flying with the PNVS?
] Minimally proficient

Marginally proficient

Moderately proficient

Highly proficient

Extremely proficient

[
[
[
[
[

—— oad bl b

Currently, how proficient are you in operating the TADS?
] Minimally proficient

Marginally proficient

Moderately proficient

Highly proficient

(
[
[
[
| Extremely proficient

L B S e e ]




6th CAVALRY BRIGADE--AIR COMBAT (CBAC)

PART C INSTRUCTIONS: Part C consists of questions that provide
information about your personal opinions and preferences. Answer each item
that applies to you by checking in the appropriate bracket [ V] or by printing
your answer in the space provided. This information will be treated as highly
confidential; individual responses will not be seen by anyone except the
research staff.

46.

47.

48.

49.

Which crew station was most difficult for you to learn during the AQC?
[ ] Frontseat

[ ] Backseat

[ ] Both seats were equally difficult

At the end of the AQC, in which seat did you prefer to be designated it
you had to be assigned to only one seat?

[ ] Frontseat
[ ] Backseat
[ ] Both seats preferred equally

Currently, in which seat would you prefer to be designated if you had to
be assigned to only one seat?

[ 1 Frontseat
{ ] Backseat
[ ] Either seat would be preferred equally

Rank order the factors that you believe were considered in making your
seat designation. (Put a “1” beside the most important, a “2" beside the
next most important, etc. until all factors have been ranked. Put a “0"
beside any factors that were not considered. Other than “0," do not use
the same number twice.)

Needs of the unit (front/back seat manning requirements)
Unit policy (e.g., assign all new personnel to front seat)

Personal capabilities in the AH-64 as formally evaluated by
the unit

Personal capabilities in the CMS as formally evaluated by
the unit

Personal capabilities as evaluated during the AQC
Personal preferences
Recommendations of unit aviators who knew my capabilities




50.  How proficiently could you perform if you were required to occupy your
nondesignated crew station in an emergency? (if you are current in both
seats, indicate which seat you occupy least often: ;
then rate your proficiency in that seat.)

[ ] Not proficient--mission could not be accomplished
Minimally proficient

Marginally proficient

Moderately proficient

Highly proficient

Extremely proficient

p— gummy gEmmy P
———t el Cmmf Gt b

51.  In your opinion, how many hours of refresher training would be required
for you to attain RL2 and RL1 status in your non-designated seat?

flight hours to RL2 from RL3
CMS hours to RL2 from RL3
flight hours to RL1 from RL2
CMS hours to RL1 from RL2

52. How adequate is your semiannual familiarization training in the opposite
seat?

[ ] Highly inadequate
Moderately inadequate
Marginally inadequate
Marginally adequate
Moderately adequate
Highly adequate

More than adequate

P gemmy gy Uy ey gy
[ R O L B L I S ]

53. To operate effectively as an AH-64 crew, how important is it that you train
regularly with the same crewmember?

[ ] Not at all important--the crew only need to be proficient in their own
seat

[ ] Slightly important--it is helpful to know how the other crewmember
will perform

[ ] Moderately important--regular crew training facilitates crew
coordination

Highly important--regular crew training may affect mission success

Extramely important--regular crew training is critical to mission
success

— g—y
— St
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54. How often do you verbally crosscheck your crewmate to ensure he has
completed a prescribed task before you proceed with your tasks?

[ ] Almost never
Infrequently
Occasionally
Frequently
Almost always

oy p— gy p——

5§5. Use the following scale to rate the amount of crew communication that is
required to perform the mission segments that are listed below, if the
crewmembers have never flown together before.

1 2 3 4 5 8 7 9

! | | | I | | |
No Crew Littie Crew Moderate Crew High Crew Constant Crew
Communlication Communlcation Communication Communication Communication

e

Preflight planning and checks

Takeoff and departure

Enroute in contour flight (day)

Enroute in NOE flight (day)

Enroute in contour flight (night using PNVS)
Enroute in NOE flight (night using PNVS)

~ ©o Qa0 O

g Target acquisition (day)

h. Target acquisition (night)

i Target engagement (day using HELLFIRE)
j- Target engagement (night using HELLFIRE)
K Target engagement (day using rockets)

I Target engagement (night using rockets)

m. Target engagement (day using 30 mm)

n. Target engagement (night using 30 mm)
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56. Use the following scale to rate the amount of crew communication that is
required to perform the mission segments that are listed below, if the
crewmembers have trained together as a fixed crew for six months.

1 2 3 4 5 8 7 8 9
I | I I | | I I I

No Crew Little Crew Moderate Crew High Crew Constant Crew
Communlication Communication Communioation Communication Communication

Preflight planning and checks

Takeoff and departure

Enroute in contour flight (day)

Enroute in NOE flight (day)

Enroute in contour flight (night using PNVS)
Enroute in NOE flight (night using PNVS)
Target acquisition (day)

-~ ® a0 o

T ©

Target acquisition (night)

Target engagement (day using HELLFIRE)
j- Target engagement (night using HELLFIRE)
k. Target engagement (day using rockets)

I Target engagement (night using rockets)

m. Target engagement (day using 30 mm)

n. Target engagement (night using 30 mm)




57. Use the following scale to rate the effectiveness of the CMS and CWEPT
in training field unit aviators in each seat.
1 2 3 4 5 6 7 8 9
| ! | I I I | I l
Not Slightly Moderately Highly Extremely
Effective Effective Effective Etfective Effective
& ___ CMS training in the front seat
b. CWEPT training in the front seat
¢ CMS training in the back seat
d. CWEPT training in the back seat
58. How many semiannua! flight hours do you believe you would need to
maintain proficiency in the front seat?
flight hours
CMS hours
59. How many semiannual flight hours do you believe you would need to
maintain proficiency in the back seat?
flight hours
CMS hours
60. How many semiannual flight hours do you believe you would need to

maintain proficiency in both seats (dual seat currency)?
flight hours
CMS hours




APPENDIX B
POSTFLIGHT DEBRIEFING

AH-64 CMS POST FIELDING TRAINING
EFFECTIVENESS ANALYSIS

The following questions refer to the flight that you have just completed and should be answered
as soon after the flight as possible. Read each item carefully and answer by checking [ V] the
appropriate box or by writing in the space provided. Respond to all questions. Regardiess of
the crew station you occupied, you are o compiete one of these forms each time you fly in an
AH-64A aircratt, the Combat Mission Simulator (CMS), or the Cockpit Weapons and Emergency
Procedural Trainer (CWEPT).

1. What was the date of this flight?

2. What is your full name and rank?

3.  What is the other crewmember’s full name and rank?

4. Tow"ich unit are you assigned? Circle the appropriate designation.

Squadron: 1/6 3/6 4/6
Troop: HHT A B C

5. Which crew station did you occupy during this flight? 1[ ] Pilot 2[ ] CPG
6. Waere you the PC for this flight? 1[ ] Yes 2[ ] No

7. What was the primary mission of this flight? [check one]

1[ ] Satisfy requirements of individual aircrew training program

2[ ] Satisfy requirements of crew training program

3[ ] Battle drill

4 ] Border mission

s[ ] Checkride (specify type)

6[ ] Other (specify)
8. Did more than one aircraft fly on this mission? 1{ ] Yes 2[ ] No

If yes,
a. How many OH-58s?

b. How many AH-64s?
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9. During this flight, how much flight tims did you log? hours

10. During this flight, how much #Hlight time did you log under the foilowing flight conditions?

a. Day - hours d. Terrain —ee hours .
b. Hood - hours e. System - hours
c. Night e— hours t. Weather — hours

11.  During this flight, how much flight time did you log under the following flight modes:

a. Contact ________ hours f Low-Level ___ ____ hours
b. Tactics ________ hours g. Contour — hours
c. Gunnery hours h. Formaton _______ hours
d. NOE hours i. Admin. — hours
e. Other (specify) — hours
12. Did you receive target handovers from another aircraft? 1 ] Yes 2[ ] No
If yes, how many? target handovers

13.  Was this flight in the AH-64, CMS, or CWEPT?
1[ ] AH-64
2[ ] CMS
3[ ] CWEPT

14.  Enter below the number of rounds fired during the flight.

WEAPON ROUNDS
SYSTEM Live Dry-Fire Simulated

30mm

Rockets

HELLFIRE




15. In the following table, document the number of times that you practiced specific gunnery
tasks on this flight. In the row for each gunnery task that you practiced, enter the number of
times you employed each (a) sight systam, (b) method of range determination, (c) aircraft
mode, and (d) target mode. Inciude the tasks practiced by both crewmembers on
this flight, not just yourssif. If neither crewmember practiced a specific task, enter zero
across the row so that each biock contains a response. This table must be completed every
time you fly in the AH-64 or CMS.

SIGHT RANGE ARCRAFT TARGET
SYSTEM METHOD MODE MODE
WEAPON
SYSTEM IHADSS TADS COOP | LRF | Menuai | Hand | [over | Run- | Station | pyoving
of
P G [ G Over ning -ary
30MM
Rockets
HELLFIR
E




APPENDIX C
INSTRUCTOR/OPERATOR SITUATION AND

TARGET HANDOVER SHEETS
INSTRUCTOR/OPERATOR SITUATION

REFERENCE: SPECIAL MAP, TODENDORF 1:50,C00, REPRODUCTION
1:100,000

CONDITIONS: DAY/PNVS
DURATION: 1.5HR
SEQUENCE OF EVENTS:
(a) Brief crew as to the conduct of the exercise. Emphasize
that weapon selection will be directed by the Scout
(Instructor), which is ret the norm.

(b) ARVinstructor will gather the information on page ___ for
data collection by crew.

(¢) Hostility interrupt will be cn.

(d) Crew will conduct day mission, then conduct the same
mission under PNVS.

(e) Target engagements will be moving targets from & hover,
staticnary targets from a hover, and moving targets with
the aircraft running fire.

CONDUCT CF THE OPERATION:

(a) Initialize trainer to IC, set 126, insert TEE 318. (Stop all
movement of targets.) Crew conducts boresighting
(IHADSS and TADS), inserts doppler, pressent position, and
finng points 1 anc 2.

(b) Doppler: PPCo (Holding Area) VKB6507202; Firing
Position 1 - VK84537290; Firing Pasition 2 - VK84217268.

(c) Crew calls Scout ready.

(d) Move from the holding area to Firing Position 1, BP 22.
Give three tarpet nandovers.

(e) Move to Firing Positior 2, cal! set.




(f)
(9

(h)
(i)

Move from BP 22 on heading 210° to grid 8369.

Tum right, fly heading 030° to grid 8576. Continue heading
to grid 8576.

Tum left to heading 210°, retum to BP 22.

Return to holding area.




SCENARIO: TARGET HANDOVERS

(A) FIRING POSITION 1

TGT1  Type
Azimuth
Range
Method

TGT2 Tyoe

Azimuth
Range
Method

TGT3  Type

Azimuth
Range
Method

(B) FIRING POSITION 2

TGT 1 Type
Azimuth

Range
Method

TGT2 Type

Azimuth
Range
Method

TGT3 Type
Azimuth
Range
Method

2 T-80 Tanks, Moving South
020°

7000 - 5000 m
Hellfire (LOAL HI, LOBL), CPG, TADS

BMP Stationary

015°
4200 m
2.75, COOP, 4 engagements, 1 pair each

2S5V Stationary

010°

3900 m

30 mm, CPG, TADS, 20 rounds

T-80 Tanks, Stationary
280°

2800 m
Hellfire (LOBL), CPG, TADS

BMP, Stationary
275°

2200 m
30 mm, PLT, IHADSS, 20 rounds
(CPG identity and give handover to pilot)

BMP, Stationary

220°
5800 m
2.75, COOP, 4 engagements, 1 pair each

(C) TRAVERSING LOWLAND ROUTE

TGT4 Type

BMP, Moving North

Azimuth = 315°
2500 - 1500
30 mm, CPG, TADS, 20 rounds

Range
Method




TGT S

Type
Azimuin
Range
Method

(D) FIRING POSITION 1

"TGT6

Type
Azimuth
Range
Method

BTR-60, Mcving North

240°

3000 - 2000 m

30 mm, CPG, TADS, 20 rounds

T-80 Tank, Stationary

220°
5000 m
Hellfire (LOAL), CPG, TADS




